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CORRECTIONS  AND  INSERTIONS 

All  contributors  to  volume  10  have  been  invited  to  send  in  corrections  and  in- 
sertions to  be  made  in  their  compositions,  and  the  volume  has  been  scanned  with 
some  care  by  the  Editor.  The  following  are  such  corrections  and  insertions  as  are 
deemed  worthy  of  attention : 
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Session  of  Tuesday,  August  23 

The  Society  was  called  to  order  at  10.30  o'clock  a  m,  in  the  Lecture 
Hall  of  the  Boston  Society  of  Natural  History.  In  the  absence  of  Presi- 
dent Stevenson,  the  First  Vice-President,  Professor  B.  K.  Emerson,  pre- 
sided throughout  the  meeting.  By  mutual  arrangement  the  geological 
section  (Section  E)  of  the  American  Association  for  the  Advancement  of 
Science  had  temporarily  given  the  use  of  its  time  and  meeting  place  to 
this  session  of  the  Geological  Society. 

Announcement  was  made  of  the  death  of  Dr  James  Hall,  the  first 
President  of  the  Society,  and  Vice-President  Emerson  spoke  of  the  life 
and  work  of  Doctor  Hall  and  of  the  recognition  of  his  labors  and  the 
honors  paid  him  during  his  later  years  in  both  America  and  Europe. 
Remarks  were  also  made  by  Professor  H.  L.  Fairchild,  speaking  in  behalf 
of  Section  E  of  the  American  Association  and  referring  especially  to  the 
fact  of  Doctor  Hall  being  the  last  representative  of  the  first  generation 
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.     *cS^'ifi\etic&n  geologists ;  by  Dr  H.  C.  Hovey,  speaking  in  personal 
•  •.*/.  ;  .'viriiscence,  and  by  Professor  W.  H.  Niles,  referring  to  Doctor  Hall's  y 


••    • 


rem- 
youth 

and  his  eagerness  for  knowledge. 

After  some  announcements  by  the  Secretary  relating  to  the  work  of 
the  Society,  by  Mr  Warren  Upham  concerning  the  program  of  the  week, 
and  by  Professor  W.  H.  Niles  in  behalf  of  the  Boston  Society  of  Natural 
History  and  the  Local  Committee,  the  reading  of  papers  was  declared 
in  order.  ^ 

The  first  paper  upon  the  program  was 

SOME  FEATURES  OF  THE  STATEN  ISLAND  DRIFT,  NEW  YORK 

BY   ARTHUR  HOLLICK 

{AhstracQ 

Topographically  Staten  i»laiHl,New  York,  may  be  divided  into  two  parts— a  hill 
region  at  the  northeastern  end,  due  to  the  ridge  of  serpentine  which  extends  from 
New  Brijjfhton,  at  the  extremity  nearest  to  New  York  city,  to  Richmond,  at  about 
the  center  oftlie  island,  and  a  plain  region  wliich  occupies  the  rest  of  the  area. 

The  eastern  and  southern  horders  of  the  hill  region  are  precipitous,  reaching  a 
maximum  elevation  of  about  375  feet  on  Todt  hill,  at  a  distance  of  about  a  mile 
from  the  southern  border,  and  thence  sloping  irregularly  northwestward  until  tide" 
level  is  reached,  at  the  waters  of  the  Kill  von  Kull  and  Staten  Island  sound,  whicli 
separate  the  island  from  the  adjacent  mainland  of  New  Jersey. 

The  elevations  throughout  the  plain  region  are  due  to  morainal  hills,  which  have 
a  maximum  elevation  of  about  170  feet  at  Woodrow  and  near  Fort  Wadsworth. 

The  frontal  moraine  ex teiKis  in  an  irregular  line  from  the  Narrows,  at  Fort  Wads- 
worth,  to  Tottenville,  opposite  Perth  Amhoy,  New  Jersey. 

Two  areas  of  the  island  are  driftless.  One  of  these  areas  is  in  the  vicinity  of 
New  Dorp  and  Garrettsons,  where  the  moraine  bends  northward  and  rests  upon 
the  serpentine  ridge,  forming  a  prominent  sinus  immediately  south  of  the  highest 
point  on  the  ridj^e.  The  other  is  a  similar  but  much  smaller  area  in  the  vicinity 
of  Tottenville. 

These  main  facts  were  descril)ed  hy  Dr  N.  L.  Britton  some  years  ago  in  a  paper 
on  the  geology  of  the  island,  read  before  the  New  York  Academy  of  Sciences  April 
4,  1881,  and  published  in  the  Annals,  volume  ii,  pages  J(>1-182;  but  since  that  time 
many  additional  facta  have  been  brought  to  light,  especially  in  regard  to  the  char- 
acter of  the  morainal  material  and  the  structure  of  the  moraine. 

J.itholojjicidly  the  boulders  have  been  more  or  less  satisfactorily  identified  with 
prominent  rock  outcrops  northward,  the  most  abundant  being  Triassic  tmp  and 
red  shale  and  sandstone,  wliich  latter  give  a  prevailing  red  color  to  all  the  morainal 
soil.  I.ithological  determinations,  however,  are  not  always  conclusive  as  to  geolog- 
ical age,  especially  in  the  case  of  sedimentary  rocks,  and  for  this  reason  every  fos- 
siliferous  boulder  found  was  carefully  examined,  and  all  fossils  contained  in  each 
were  determined,  if  possible. 

This  work  has  extended  over  a  period  of  about  eighteen  years,  and  we  now  have 
from  the  Staten  Island  drift  a  list  of  about  125  Paleozoic,  about  50  Mesozoic,  2  Ter- 
tiary, and  1   Quaternary  s])ecies  definitely  identified,  besides  considerable  more 
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material  too  fragmentary  or  poorly  preserved  for  accurate  determination.  From 
an  examination  of  these  fossils  we  are  able  to  say  with  absolute  certainty  that  every 
geological  horizon  in  the  Paleo^ic,  from  the  Potsdam  to  the  Hamilton,  is  repre- 
sented in  our  drift  boulders,  and  in  the  Mesozoic  both  Triasaic  and  Middle  Cre- 
taceous. The  Tertiary  is  but  sparingly  present,  but  is  probably  upper  Miocene  or 
Pliocene. 

There  are,  therefore,  two  important  breaks  in  the  sequence — one  between  the 
Devonian  and  the  Triassic  and  another  between  the  Triassic  and  the  middle  Cre- 
taceous. Carboniferous  Jurassic  and  Lower  Cretaceous  rocks  are  entirely  wanting. 
If,  now,  we  take  the  compass  direction  of  the  glacial  strite  on  Staten  island,  which 
have  been  determined  to  be  about  north  13  west  to  north  20  west,  and  extend 
them  northward,  they  may  be  seen  to  cross  the  outcrops  of  the  several  horizons 
whose  fossils  have  been  found  in  the  drift  material,  while,  on  the  other  hand, 
throughout  the  same  region  to  the  northward  no  indication  of  either  Carbonif- 
erous Jurassic  or  Lower  Cretaceous  rocks  has  ever  been  found. 

It  is  probably  not  necessary  to  quote  the  entire  list  of  fossils,  but  it  may  be  of 
interest  to  know  that  the  majority  of  the  Paleozoic  species  are  Lower  Helderberg 
in  age,  with  Oriskany  and  Schoharie  next. 

Atrypa  reticularis,  L. ;  Ealonia  pectiliariSj  Conr. ;  Fenestella  nerria^  Hall ;  MeriMdla 
ncutula,  Conr. ;  Spirifer  arreduSy  Hall ;  S.  arcuosia^y  Conr. ;  S.  jnacropleuruSy  Conr. ; 
Slropheodoyita  beckii.  Hall,  and  Strophnmena  rhoiriboidaliSf  AVahl.,  are  among  the  most 
abundantly  represented  species  of  brachiopods. 

The  only  Triassic  species  is  an  Equisetum,  provisionally  determine<i  as  E.  rogersii, 
Schimp.  The  Cretaceous  fossils  are  all  plants,  with  the  exception  of  seven  mol- 
hisks.  The  two  Tertiary  species  are  plants,  and  the  one  Quaternary  is  a  mastodon*s 
tooth. 

There  are  also  some  features  of  the  drift  worth  noting,  besides  those  relating  to 
the  character  of  the  material. 

The  structure  of  the  moraine  where  it  rests  on  the  serpentine  ridge  is  different 
from  the  structure  of  that  part  which  rests  on  the  plain  region.  In  the  former 
locality  it  is  composed  entirely  of  transported  material  brought  from  the  mainland, 
and  ^'onslsts  of  glacial  till,  gravels,  and  occasional  deposits  of  clay.  In  the  latter 
locality,  however,  it  consists  of  a  core  of  contorted  Cretaceous  strata,  moved  but 
little  from  their  original  position  in  the  island,  on  top  of  which  the  true  morainal 
debris  rests.  This  character  of  the  moraine  on  the  plain  region  is  identical  with 
its  character  to  the  eastward,  on  Long  island.  Block  island.  Marthas  Vineyard,  and 
the  Elizal>eth  islands,  and  is  manifestly  due  to  a  squeezing  upward  of  the  inco- 
herent strata  of  the  coastal  plain  by  the  advancing  ice- front  and  then  to  the  depo- 
sition of  the  glacial  debris  over  the  contorted  ridge  thus  formed. 

Incidentally  these  facta  also  prove,  gr  at  least  strongly  indicate,  that  no  Creta- 
ceous strata  ever  existed  to  the  north  of  the  serpentine  ri^lge  of  the  island,  as  no 
fragment  of  material  which  could  be  even  provisionally  identified  as  Cretaceous  in 
age  has  ever  been  found  in  that  portion  of  the  moraine  which  rests  on  tl^  ridge, 
whereas  it  is  abundant  throughout  the  moraine  in  the  plqin  region. 

Finally,  it  may  be  of  interest  to  note  how  the  preglacial  topography  modified 
the  advance  and  directicm  of  the  ice  at  one  particular  point.  If  the  course  of  the 
moraine  is  traced,  it  will  be  found  that  the  most  prominent  northward-extending 
sinus  in  the  moraine  is  immediately  south  of  the  highest  point  on  the  serpentine 
ridge.    This  indicates  almost  conclusively  that  the  high  ridge  checked  the  advance 


4  PROCEEDINGS   OF   THE   BOSTON   MEETING 

of  the  ice  and  caaeed  it  to  flow  eastward  toward  Fort  Wadsworth  and  west  wani 
toward  Tottenville  and  Princes  bay,  thus  assisting  in  piling  up  the  immense  ac- 
cumulatioQS  of  drift  which  are  found  near  these  localities. 

The  main  feature,  however,  of  this  investigation  was  the  determination  of  the 
fossils  in  the  boulders,  a  work  which,  I  believe,  has  never  before  been  attempted 
upon  such  an  extensive  scale  or  extended  through  such  a  long  period  of  time. 

In  the  discussion  remarks  were  made  by  J.  C.  Smock,  B.  K.  Emerson, 
and  the  author. 

In  the  absence  of  the  author  the  next  paper  was  read  by  title,  as 
follows : 

LOESS  DEPOSITS  OF  MONTANA 
BY   N.   S.    8HALKR 

The  following  paper  was  then  presented : 

GLACIAL  WATERS  IN  THE  FINGER  LAKES  REGION  OF  NEW  YORK 

BY   H.   L.   FAIRCHILD 

The  paper  was  discussed  by  J.  W.  Spencer,  A.  C.  Lane,  G.  F.  Wright, 
and  the  author.     It  is  printed  in  full  in  this  volume. 

The  next  paper  was  read  by  title,  as  follows : 

STRA  TIFICA  TION  OF  GLA  CIERS 
BY   HARRY   FIELDING   RBID 

[Abstract] 

A  controversy  between  Agassiz  and  Forbes  arose  about  1S41  as  to  the  meaning 
of  the  banded  structure  seen  on  the  surface  of  glacierSi  the  former  contending^  that 
it  marked  the  outcrops  of  strata,  and  the  latter  that  it  was  a  peculiarity  of  f^lacial 
ice,  independent  of  stratification. 

There  has  always  been  great  difficulty  in  deciding  between  these  two  views  in 
particular  cases,  it  being  so  very  difficult,  and  indeed  in  many  cases  impossible, 
to  follow  the  stratification  from  the  n^v^  field  to  the  lower  part  of  the  glacier. 

For  the  last  two  summers  I  have  given  particular  attention  to  this  subject  on 
some  of  the  Swiss  glaciers.  I  succeeded  in  following  the  stratification  on  the  Fomo 
glacier  practically  to  its  lower  end,  and  saw^hat  the  outcrops  always  retained  their 
irregular  outline,  and  that  what  has  been  considered  the  stratification  at  the  end 
of  this  glacier  is  something  else,  probably  closed  crevasses. 

I  also  examined  the  Miageand  Brenva  glaciers,  oil  the  south  side  of  Mont  Blanc, 
which  were  carefully  studied  by  Forbes.  The  blue  bands  there  are  beautifully 
developed,  and  show  without  the  slightest  doubt  that  they  are  absolutely  inde- 
pendent of  stratification. 

In  unweathered  sections  of  a  glacier  it  is  usually  not  very  difficult  to  distinjjfuisli 
between  the  blue  bands  and  stratification.  Their  appearances  after  exposure  to  the 
weather  are  frequently  so  nearly  alike  that  it  is  quite  impossible  to  distinguish  be- 
tween them. 
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T^antern  slides  were  used  to  show  the  appearance  of  the  strata  and 
blue  bands  in  different  parts  of  the  glacier.  The  paper  will  be  printed 
in  the  Journal  of  Geology. 

The  following  paper  was  then  read  : 

EVIDENCES  OP  EPEIROOENJC  MOVEMENTS  CAUSING   AND   TERMINATING   THE 

ICE  AGE 

BY  WARKRN    UPHAM     / 

ContenUf 
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Preglacial  high  elevation  known  by  fiords  and  submerged  valleys 6 

West  coast  of  North  America „  6 

Interior  of  North  America 7 

Atlantic  borders  of  the  United  States  and  Canada. 7 

Arctic  America  and  Greenland 7 

Western  Europe  and  western  Africa 7 

Competence  of  the  preglacial  epeirogenic  uplift  to  cause  the  acoumulation  of  the  ice-sheets 8 

Late  glacial  or  Champlain  depression  known  by  fossiliferous  marine  deposits  overlying  the 

glacial  drift 9 

North  America 9 

Europe 9 

Competence  of  the  Champlain  depression  to  terminate  the  Ice  age 9 

Introduction 

In  our  endeavor  to  ascertain  the  causes  of  the  unique  Ice  age,  forming  the  latest 
completed  period  of  the  geologic  record,  we  receive  from  Lyell,  Dana,  and  Le  Conte 
the  recognition  of  three  great  vertical  movements,  now  denominated  epeirogenic, 
which  were  experienced  by  each  of  the  three  great  regions  of  the  earth  that  are 
overspread  by  glacial  drift,  namely,  the  northern  half  of  North  America,  the  north* 
western  half  of  Europe,  and  Patagonia.  Their  series  of  epeirogenic  movements  in 
each  case  were,  first,  a  preglacial  general  uplift  to  a  vertical  extent  measured  by 
the  depths  of  their  fiords  and  submerged  valleys,  that  is,  1,000  to  8,000  feet  above 
their  presen ^heights ;  second,  a  general  depression  in  th^  Champlain  epoch,  clos- 
ing the  Ice  age,  to  levels  somewhat  lower  than  now ;  and,  third,  a  recent  general 
re-elevation,  varying  in  vertical  amount  up  to  at  least  600  feet  in  North  America, 
nearly  as  much  in  Patagonia,  and  about  1,000  feet  in  Scandinavia.  The  purpose  of 
the  present  paper  is  to  review  the  evidences  of  these  epeirogenic  movements  in 
North  America  and  Europe,  and  to  inquire  whether  they  were  probably  sufficient, 
in  their  influence  on  climatic  conditions,  to  cause,  by  the  high  land  altitude,  the 
accumulation  of  the  ice-sheets  of  these  continents,  and  by  the  ensuing  depression, 
to  bring  the  comparatively  sudden  end  of  the  Glacial  period,  with  the  mainly 
rapid,  though  fluctuating,  departure  of  the  ice-sheets  and  deposition  of  their  drift. 

Since  the  announcement  by  Dana,  more  than  forty  years  ago,  of  the  threefold 
OHcillations  of  this  continent  respectively  preceding,  during,  and  after  its  glaciation, 
detailed  hydrographic  surveys  of  submerged  valleys  on  both  our  Atlantic  and  Pa- 
cific coasts  have  demonstrated  a  vertical  extent  of  the  preglacial  uplift  far  exceed- 
ing its  known  amount  when  the  attention  of  geologists  was  thus  first  directed  to  it. 
No  doubt  need  be  longer  entertained  that  its  climatic  effect  could  and  did  induce 
the  general  glaciation  of  the  cool  temperate  and  in  part  still  frigid  northern  half 
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of  our  continent,  which,  excepting  the  greater  part  of  Alaska  (probably  exempted 
from  so  high  uplift),  bore  an  ice-sheet  of  at  least  4,000,000  square  miles  in  area 
and  from  one  mile  to  probably  two  miles  in  thickness. 

PrEGLACIAL   high   EliEVATION   KNOWN   BY   FlORUS   AND  6UBMERGRD  VaLLEYS 

WBST    COAST    OF    NORTH    AMERICA 

It  was  about  one  year  ago  that  Professor  George  Davidson  published  his  col- 
lected observations  of  submerged  valleys  on  the  coast  of  California  and  Lower 
California,  as  they  were  revealed  by  the  soundings  of  the  United  States  Coast 
Survey.*  From  cape  Mendocino  southward  along  a  distance  of  about  950  miles, 
the  submerged  100-fathom  plateau,  mostly  five  to  fifteen  miles  wide,  adjoining  the 
present  shore,  is  indented  by  frequent  deeply  eroded  old  river  valleys,  some  of 
which  are  continuations  of  present  valleys  on  the  land,  while  others  are  distinctly 
traced  from  the  verge  of  the  submerged  plateau  inward  to  distancesof  only  amile, 
or  even  less  than  a  quarter  of  a  mile,  from  the  shore  at  projecting  points  where  no 
land  valley  now  exists.  About  twenty  of  these  submarine  valleys  are  mapped  by 
Davidson,  mostly  ranging  from  2,000  to  3,000  feet  in  depth  at  the  verge  of  the  pla- 
teau, which  on  each  side  of  the  valley  has  a  general  depth  of  only  100  fathoms 
(600  feet),  with  steep  descent  from  this  submerged  former  land  margin  into  the 
abyssal  ocean.  But  the  maximum  extent  of  the  epeirogenic  uplift  at  the  time  of 
erosion  of  these  valleys,  as  known  by  their  deepest  example,  about  a  dozen  miles 
north  of  Monterey,  was  at  least  8(>8  fathoms  (5,208  feet),  this  sounding  of  the  Mon- 
terey submerged  valley  being  obtained  in  its  deep  seaward  continuation,  about 
five  miles  beyond  the  general  100-fathom  submarine  contour  and  some  twenty 
miles  offshore.  Within  three  miles  on  each  side  there  the  sea  bed  is  less  than 
3,000  feet  deep.  In  their  general  width,  steepness  of  inclosing  slopes,  and  occa- 
sional tributary  branches,  tiiese  valleys  have  the  usual  forms  of  subaerial  erosion ; 
so  that  to  my  mind  they  admit  no  other  interpretation  than  tliat  this  large  part  of 
the  west  side  of  North  America  was  for  a  considerable  time  raised  3,000  to  5,000 
feet  above  its  present  altitude.  Before  that  time,  for  some  preceding  and  api>ar- 
ently  longer  period,  the  land  altitude  had  been  about  600  feet  higher  than  now, 
permitting  the  coast  to  be  built  out  by  fiuvial  and  marine  deposition  to  the  verge 
of  the  submarine  plateay.  The  great  uplift,  according  to  Le  Conte'^discussion  of 
previous  papers  by  Davidson  on  this  subject,  took  j)lace  during  Late  Pliocene  and 
Pleistocene  time,  its  culmination  being  attended  with  the  continental  glaciation.f 

The  Californian  submerged  valleys  lie  south  of  the  glaciated  area,  excepting  as 
that  was  represented  by  the  anciently  ext^ndeil  glaciers  of  tlie  Sierra  Nevada  and 
other  more  eastern  high  ranges  of  our  great  Cordilleran  belt ;  but  the  continental 
elevation  known  for  California  doubtless  was  also  continuous,  in  a  varying,  but 
everywhere  large,  vertical  amount,  far  to  the  north,  through  Oregon,  Washington. 
British  Columbia,  and  southern  Alaska.  From  Puget  sound  northward  the  fiord- 
indented  coast,  with  its  bordering  series  of  many  mountainous  islands,  separate^l 
by  channels  that  are  continuations  of  the  fiords,  testify  of  such  a  formerly  high 


*Proceodinj?8  of  the  California  Academy  of  Hcionc«^s,  thini  serie«»,  Geology,  vol.  i,  pp.  7:t-l(.Vi,  with 
plates  iv-xii,  June  2r»,  I8!i7.  See  alMo  the  more  reoent  paper  by  Harold  W.  FairVianks,  *'  O.scillationst 
of  the  Coastof  California  during  the  Pliocene  and  Ploistooene  "  (.\m.  (ieulogijiit,  vol.  xx,  pp.  213-245, 
October,  1897),  in  which  the  literature  of  this  nubject,  including  earlier  papers  l»y  Davidson,  Le 
Conte,  Lawson,  and  others,  iH  carefully  reviewed. 

t  Bull.  Geol.  Soc.  Am.,  vol.  2,  18»1,  pp.  32:j-:t:j(), 
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elevation  of  the  country  along  an  areal  extent  surpassing  that  revealed  south  of 
cape  Mendocino  by  soundings. 

INTERIOR    OF   NORTH    AMERICA 

In  the  Mississippi  basin,  from  the  evidence  of  river  currents  much  stronger 
than  now,  transporting  Archean  pebbles  from  near  the  sources  of  the  Mississippi 
to  the  shore  of  the  gulf  of  Mexico,  Professor  E.  AV.  Hilgard  thinks  that  the  pre- 
glacial  uplift,  inaugurating  the  Ice  age,  was  4,000  to  5,000  feet  more  in  the  central 
part  of  the  continent  than  at  this  river's  mouth  * 

ATLANTIC    R0RDER8    OF    THE    UNITED    STATES    AND    CANADA 

On  the  east  side  of  our  continent,  its  bordering  submarine  plateau,  much  wider 
than  on  our  Pacific  coast,  is  cut  by  submerged  valleys,  which,  if  raised  above  the 
sealevei,  would  be  fiords  or  canyons.  These  can  be  no  other  than  river-courses 
eroded  while  the  land  stood  much  higher  than  now  ;  and  its  subsidence  evidently 
took  place  in  a  late  geologic  epoch,  else  the  channels  would  have  become  filled  with 
sediments.  Their  most  instructive  example  is  the  continuation  of  the  Hudson 
River  valley,  which  has  been  traced  by  detailed  hydrographic  surveys  to  the  edge 
of  the  steep  continental  slope  at  a  distance  of  about  105  miles  from  Sandy  Hook. 
Its  outermost  25  miles  area  submarine  fiord  3  miles  wide  and  from  900  to  2,250  feet 
in  vertical  depth  measured  from  the  crests  of  its  banks,  which  with  the  adjoining 
fiat  area  decline  from  300  to  600  feet  below  the  present  sealevei.  The  deepest 
sounding  in  this  fiord  is  2,844  feetf 

Again,  as  noted  by  Spencer,  the  United  States  Coast  Survey  and  British  Ad- 
miralty charts  record  submerged  outlets  from  the  gulf  of  Maine,  the  gulf  of  Saint 
Lawrence,  and  Hudson  bay,  respectively  2,064  feet,  3,666  feet,  and  2,040  feet  below 
sealevei. t  The  bed  of  the  old  Laurentian  river  from  the  outer  boundary  of  the 
Fishing  banks  to  the  mouth  of  the  Saguenay,  a  distance  of  more  than  800  miles,  is 
reached  by  soundings  1,878  to  1,104  feet  in  depth.  Advancing  inland,  the  sub- 
lime Saguenay  fiord  along  an  extent  of  about  50  miles  ranges  from  300  to  840  feet 
in  depth  below  the  sealevei,  while  in  some  places  its  borderings  clifis,  1  to  1^  miles 
apart,  rise  abruptly  1,500  feet  above  the  water. 

ARCTIC    AMERICA    AND    GREENLAND 

The  islands  of  the  Arctic  archipelago  are  separated  from  each  other  by  wide 
and  deep  valleys  of  subaerial  erosion,  and  their  shores,  as  well  as  that  of  Labrador 
and  all  the  coastline  of  Greenland,  west,  east,  and  north,  are  cut  by  fiords  mostly 
1,000  to  1,500  feet  deep.  The  maximuin  known  sounding  of  these  partly  sub- 
merged vaHeys  was  reported  by  Koldewey  in  the  Franz  Josef  fiord  of  eastern 
Greenland,  where  no  bottom  was  found  at  3,000  feet. 

WESTERN    EUROPE    AND     WESTERN    AFRICA 

The  fiords  and  submerged  valleys  of  the  British  isles  and  of  Scandinavia  show 
that  the  drift-bearing  northwestern  part  of  Europe  stood  in  preglacial  time  1,000 


*Ani,  Jour.  8ei.,  third  series,  vol.  xliii,  pp.  :i89-4<ni,  May,  1802. 

t  A.  Lindtmkohi  :  Report  of  the  IT.  S.  Coa^t  and  (ieo(ietic  Survey  for  1884,  pp.  435-438  ;  Am.  Jour. 
S<;i.,  third  serieN,  vol.  xxix,  pp.  475-48(>,  June,  18«o.  James  I).  Dana,  Am.  Jour.  Soi.,  third  series, 
vol.  xl,  pp.  425-4.17,  Dec,  18W,  with  an  excellent  map  of  the  Hudson  submerged  valley  and  fiord. 

♦  Bull.  Geol.  Soc.  Am.,  vol.  i,  181K>,  pp.  fio-70,  with  map  of  the  preglacial  Laurentian  river  (also  in 
theGeol.  Magazine,  third  decade,  vol.  vii,  18'J0,  pp.  2U8-212). 
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to  4,000  feet  higher  than  now.  Southwestern  £ui*ope  was  then  elevated,  at  least 
in  part,  to  the  very  great  altitude  of  nearly  9,000  feet  above  its  present  level,  as  is 
prpved  by  the  **  Fosse  de  Cap  Breton,''  the  most  remarkable  and  most  fully  sur- 
veyed- submerged  valley  known.  It  reaches  about  120  miles  westward  from  the 
village  of  Cap  Breton,  near  the  mouth  of  the  river  Adour,  of  which  it  was  a  con- 
tinuation. Many  other  valleys  of  similar  character,  but  not  traced  to  so  profound 
depth,  are  also  known  on  the  western  French,  Spanish,  and  Portuguese  coasts,  and 
they  have  been  recently  well  studied  by  Professor  Edward  Hull,  who  confidently 
ascribes  tiieir  formation  to  a  period  of  great  epeirogenic  uplift,  attended  in  its  cul- 
mination by  the  Ice  age  of  northern  Europe.* 

Not  only  was  a  great  part  of  Europe  uplifted  thousands  of  feet,  but  probably  all 
the  western  side  of  Europe  and  Africa  shared  in  this  movement,  of  which  we  have 
the  most  convincing  proof  in  the  submerged  channel  of  the  Congo,  about  400  miles 
south  of  the  equator.  From  soundings  for  the  selection  of  a  route  for  a  submarine 
cable  to  connect  commercial  stations  on  the  African  coast,  Mr  J.  Y.  Buchanan 
found  this  channel  to  extend  80  miles  into  the  ocean,  to  a  depth  of  more  than 
6,000  feet.  The  last  twenty  miles  of  the  Congo  have  a  depth  from  900  to  1,450  feet. 
At  the  mouth  of  the  river  its  width  is  3  miles  and  its  depth  2,000  feet.  Thirty-five 
miles  offshore  the  width  of  the  submerged  channel  or  canyon  is  6  miles,  with  a 
depth  of  about  3,450  feet,  its  bottom  being  nearly  3,000  feet  below  the  sea  bed  on 
each  side.  Another  deep  submarine  valley,  called  the  **  Bottomless  Pit,"  having 
soundings  of  2,700  feet,  is  described  by  Buchanan  on  the  African  coast  350  miles 
north  of  the  equator.f     • 

COMPETKNCE  OPTUE  PRBGLACIAL  EPKIROGENIC  UPLIPT  TO  CAUSE  THE   ACCUMULATION 

OF  THE  Ice-sheets 

The  coincidence  of  these  great  earth  movements  with  glaciation  naturally  leads 
to  the  conviction  that  they  were  the  direct  and  sufficient  cause  of  the  snowy 
climate  forming  the  ice-sheets;  and  this  conclusion  is  confirmed  by  the  insuffi- 
ciency and  failure  of  the  other  theories  which  have  been  advanced  to  account  for 
the  Glacial  period.  In  our  Cordilleran  belt,  glaciers  still  remain  on  the  higher 
ranges  and  peaks  as  far  south  as  the  general  southern  boundary  of  the  old  conti- 
nental ice-sheet;  and  in  Tuckerman's  ravine  on  mount  Washington  the  deeply 
drifted  snow  of  winter  usually  lasts  till  August,  spanning  in  a  broad  arch  the 
brooklet  of  its  melting.  In  Scotland,  on  the  northern  slopes  and  in  the  ravines  of 
Ben  Nevis  and  Ben  Macdhui,  many  tracts  of  snow  likewise  linger  until  late  in  sum- 
mer; and  in  Norway,  as  in  Alaska,  perpetual  snow  and  icefields  cover  many 
square  miles.  No  very  great  climatic  change,  probably  not  more  lowering  of  the 
mean  temperature  than  10  or  15  degrees,  such  as  must  be  produced  by  an  epeir. 
ogenic  elevation  of  3,000  to  5,000  feet,  would  be  sufficient  to  cause  the  storms 
of  these  north  temperate  regions  to  bring  snowfall  instead  of  niinfall  upon  the 
mountains  throughout  the  year.  Hence  glaciation  would  gradually  reach  outward, 
with  extension  of  the  areas  receiving  snowfall  at  all  seasons  of  the  year,  until  ice- 
sheets  envelo|)ed  vast  plains  of  the  uplifted  continents,  as  in  the  upper  part  of  the 

*The  evidences  of  the  prcglacial  uplift  uf  Kurope  are  the  subject  of  a  paper  by  the  present 
writer  in  the  Am.  Geotogist,  vol.  xxii,  pp.  loi-lUB,  August,  18U8. 
t Scottish  Geographic  Magaziue,  vol..  iii,  1887,  pp.  217-238 
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Mississippi  basin,  and  on  the  present  areas  of  the  North  and  Baltic  seas,  noiih- 
ern  Germany,  and  Russia. 

Late  Glacial  or  Champlain  Depression   known  by  fossiliferous  marine 

Deposits  ovkh lying  the  Glacial  Drift 

north  america 

Under  their  ice-burden,  these  continental  areas  finally  were  de  pressed,  in  the 
later  part  of  the  Glacial  period,  until  they  mostly  stood  somewhat  lower  than 
now.  The  coastal  submergence  of  New  Hampshire  and  Maine  ranged  from  100 
to  300  feet,  as  is  known  by  fossiliferous  marine  beds  there  overlying  the  drift. 
In  the  Saint  Lawrence  valley  the  depression  of  the  laud  below  its  present  height, 
proved  by  the  same  kind  of  evidence,  attained  a  maximum  of  at  least  560  feet 
at  Montreal,  and  it  was  about  400  feet  in  the  northern  part  of  the  basin  of 
lake  Champlain*;  but  it  decreased  southward,  so  that  the  Hudson  valley  and  the 
basins  of  lake  Ontario  and  the  upper  Laurentian  lakes  were  above  the  sealevel. 
Around  Hudson  bay  and  south  westward  to  the  area  of  the  glacial  lake  Agassiz  the 
epeirogenic  downward  movement  of  the  ice-laden  continent  reached  its  limit  mostly 
about  500  to  600  feet  below  the  pret^ent  elevation.  All  the  area  of  the  North  Amer- 
ican ice-sheet  was  similarly  lowered  from  tlie  great  altitude  to  which  it  had  been 
uplifted,  so  that  in  the  late  part  called  the  Champlain  epoch  of  the  Glacial  period 
the  borders  of  the  icefields  were  subjected  to  climatic  conditions  of  warm  and  even 
hot  summers  nearly  like  those  prevailing  now  in  the  same  latitudes. 

SVROPB 

The  Champlain  depression  of  the  British  isles  appears  to  have  had  a  maxi- 
mum of  about  100  to  300  feet  below  the  present  sealevel  in  Lancashire  and  Scot- 
land ;  but  marine  shells  glacially  transported  from  early  Pleistocene  sea  beds 
occur  at  much  greater  altitudes  up  to  a  maximum  of  1,300  feet  on  Moel  Tryfan,  in 
northern  Wales.  The  limit  of  the  depression  of  Sweden  and  Norway  was  mostly 
between  100  and  600  feet ;  but  its  highest  raised  shoreline  on  the  west  side  of  the 
gulf  of  Bothnia  exceeds  800  feet,  and  Baron  De  Geer  computes  the  maximum  sub- 
sidenceof  the  interior  of  the  peninsula  as  about  1,000  feet.  All  the  glaciated  area 
of  Europe,  like  that  of  our  own  continent,  sank  in  the  Champlain  ei)och  from  the 
preglacial  uplift  to  its  present  height,  or  lower,  and  has  since  been  nearly  un- 
changed in  altitude  or  has  experienced  oscillations  of  moderate  re-elevation. 

Competence  of  the  Champlain  Dkpuicssion  to  terminate  the  Ice  Age 

Although  the  adequacy  of  the  preglacial  epeirogenic  uplift  of  this  continent  to 
produce  its  Pleistocene  ice-sheet  was  tardily  recognized  and  can  not  yet  be  said  to 
l)e  accepted  by  all  American  glacialists,  it  was  distinctly  claimed  by  Dana,  in  1870, 
that  the  Cliamplain  subsidence  of  the  land  beneath  its  ice-load,  supposing  it  to 
have  been  previously  at  a  high  altitude,  must  have  brought  climatic  conditions 
under  which  the  ice  would  very  rapidly  disappear.  This  subsidence,  however, 
probably  affected  the  whole  of  the  preglacially  elevated  areas,  on  each  side  of  the 
North  Alantic,  before  the  growth  of  the  ice-sheets  was  checked.  For  some  time 
the  increa.se  in  the  ice  accumulation  may  have  exceeded  the  rate  of  depression,  so 
that  the  surface  of  the  thickening  ice-sheets  continued  to  hold  an  undiminished 
altitude.    But  at  length  the  subsidence  brought  a  warmer  climate  on  the  l>order8 

II— Bull.  Okol.  Boc.  Am.,  Vol.  10,  1898 
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of  the  ice,  catiBin^  it  to  retreat,  and  probably  giving  to  it  a  mainly  steeper  frontal 
gradient  than  during  ita  growth  and  culmination.  To  this  steeper  gradient  and 
consequently  more  vigorous  glacial  currents  I  attribute  the  larger  morainic  accumu- 
lations of  drift  marking  retreatal  stages,  both  in  North  America  and  Europe,  than 
on  the  outermost  drift  boundaries. 

When  the  ice  had  considerably  receded  the  outer  portions  of  the  depressed  areas 
were  somewhat  uplifted  to  approximately  their  present  height,  which  they  have 
einoe  held,  excepting  minor  oscillations.  Gradually  as  the  ice-sheet  of  our  conti- 
nent withdrew  from  south  to  north  a  principally  permanent  wave  of  land  eleva- 
tion has  followed,  earliest  uplifting  the  loess  region  of  the  Mississippi  basin,  later 
the  areas  of  lake  Agassiz,  of  the  I^urentian  lakes,  including  lake  Cham[)lain,  and 
of  the  Saint  Lawrence  valley,  and  latest  the  country  surrounding  Hudson  bay, 
where  this  movement  is  still  in  progress.  The  time  since  the  departure  of  the  ice 
there  has  been  too  short,  as  in  Scandinavia,  to  allow  the  earth's  crust  yet  to  have 
completed  its  restoration  to  an  isotatic  condition. 

Remarks  upon  Mr  Upham's  paper  were  made  by  Professor  D.  S. 
Martin  and  J.  W.  Spencer. 

The  next  paper  was  entitled : 

CLAYEY  BANDS  OF  THE  GLACIAL  CUYAHOGA  DELTA  AT  CLEVELAND,  OHIO,  COM- 
PARED WITH  THOSE  AT  THEN  TON,  NEW  JERSEY 

BY   C.    FREDERICK    WRIGHT 

The  next  two  papers  were  read  by  title. 

MIDDLE  COAL  MEASURES  OF  THE  WESTERN  INTERIOR  COAL  FIELDS 

BY    II.    FOSTER   BAIN   AND   A.    G.    LEONARD 

[Abstrari] 

The  most  important  coalfield  west  of  the  Mississippi,  so  far  as  present  develop- 
ment is  concerned,  is  that  which  stretches  from  north-central  Iowa  across  portions 
of  Missouri,  Nebraska,  Kansas,  Arkansas,  Indian  Territory,  and  into  Texas.  In 
recent  years  there  has  been  a  good  deal  of  geological  work  done  within  this  field, 
and  some  of  the  older  conceptions  of  its  stmtigraphy  are  being  changed.  It  is 
proposed  to  discuss  here  certain  problems  relating  especially  to  the  northern  end 
of  the  field,  that  portion  extending  from  central  Iowa  U)  southwestern  Kansas. 

The  change  from  the  condition  obtaining  in  the  early  Des  Moines  to  those  pres- 
ent when  the  Missourian  Ijegan  was  a  gradual  one.  During  the  former  pericni 
there  was  no  uniformity  anywhere  and  the  field  was  broken  up  into  a  multitude 
of  minor  basins  of  deposition,  each  tlie  theater  of  an  individual  sequence  of  events, 
while  during  the  latter  the  whole  of  southwestern  Iowa,  northwestern  Missouri, 
eastern  Kansas,  and  probably  an  even  larger  area  a(!ted  as  a  unit.  The  turbulent 
conditions  of  the  earlier  |>eriod  became  merged  into  the  uniform  conditions  of  the 
later  one.  Gradually  larger  and  larger  areas  came  to  act  together  and  local 
sequences  became  of  wider  and  wider  applicability.     It  is  the  beds  of  this  inter- 
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mediate  period  which  were  recognized  as  the  Middle  Coal  Measures,  aod,  in  the 
absence  of  unconformity,  it  will  be  seen  that  there  is  a  priori  reason  to  expect  a 
series  of  beds  intermediate  in  character  and  position  between  the  typical  Des 
Moines  and  the  recognized  base  of  the  Mis^^ourian.  All  who  have  written  on  the 
subject  have  recognized  that  the  Coal  Measures  mark  a  continuous  sequence  of 
deposition  with  only  local  breaks.  Any  divisions  must  be  more  or  less  arbitrarily 
established,  though  they  may  be  none  the  less  useful. 

The  Des  Moines  heds,  in  the  central  portion  of  Iowa,  consist  of  a  thick  mass  of 
fihales  and  sandstones,  showing  no  definite  order  of  arrangement  which  may  be 
recognized  over  any  considerable  area,  covered  by  a  more  regular  sequence  of  which 
the  upper  portion  may  be  recognized  over  a  considerable  area ;  but  as  one  travels 
south  two  changes  take  place:  (1)  the  upper  member  of  the  latter  section  thickens 
from  barely  30  feet  on  the  South  Raccoon  to  over  70  feet  on  Middle  river  near  Win- 
tei-set ;  (2)  the  various  members  of  the  section  thin  out,  and  are  replaced  until  in 
the  southeastern  portion  of  Madison  county  none  of  them  can  be  made  out. 

South  from  here  in  Clark  and  Lucas  counties  the  work  has  not  yet  been  carried 
on  in  sufficient  detail  to  allow  a  general  section  to  be  made  out.  It  is,  however, 
known  that  there  are  in  the  region  strata  of  the  same  general  type  as  those  found 
in  Madison,  Dallas,  and  Guthrie  counties,  though  probably  detailed  correlation 
will  be  impossible. 

Along  the  southern  border  of  the  state  the  Des  Moines  beds  outcrop  from  the 
Mississippi  river  west  to  Decatur  county,  where  they  become  buried  beneath  the 
Bethany.  As  far  west  as  the  Chariton  river  the  beds  may  be  referred  unhesitat- 
ingly to  the  lower  division,  corresponding  with  the  Cherokee  shales  of  Kansas. 
Their  character  is  shown  in  exposures  and  mine  sections  along  the  Chicago,  Mil- 
waukee and  Saint  Paul  railway  from  Ottumwa  southwest.*  Above  these  is  a  for- 
mation, including  several  limestone  beds  and  one  widely  worked  seam  of  coal,  which 
has  been  called  the  Appanoose  formation.!  In  general  character  these  strata  cor- 
respond to  those  seen  farther  north  at  the  same  horizon. 

As  has  been  pointed  out  by  Keyes,t  there  is  a  close  correspondence  between  the 
sections  made  out  in  Iowa,  Missouri,  and  Kansas.  These  may  be  summarized  as 
below : 


Iowa. 

Missouri. 
PleAsanton 

K  ansae. 

3 

No  name 

Pleasanton. 
f  Pawnee. 
( Oswego. 

Cherokee. 

9, 

Appanoose 

Henrietta 

1 

Cherokee  

Cherokee 

The  Middle  Coal  Measures  as  originally  defined  included  the  two  upper  divisions 
noted  here.  Swallow  i  recognized  along  the  Missouri  and  at  the  top  of  his  section 
some  30  feet  of  sandy  shales.  White  and  St  John  found  about  the  same  thickness 
along  the  Raccoon  river.  Between  these  two  points  it  is  now  known  that  the  sandy 
member  attains  a  considerable  thickness  and  becomes  sufficiently  distinct  to  war- 


•  Iowa  Geological  Survey,  vol.  v,  plnte  xiv. 

t  Iowa  Geological  Survey,  vol.  v,  pp.  378,  394. 

I  Proceedings  Iowa  Academy  of  Science,  vol.  iv,  pp.  22-25, 1897. 

{Geological  Survey  of  Missouri,  vols,  i  and  ii,  18.'»5,  pp.  82,  83. 


12  PROCEEDINGS   OF   THE   BOSTON   MEETING 

rant  g^iving  it  a  separate  designation.    For  this  division  Haworth's  term  Pleas- 
anton  *  seems  to  have  precedence. 

For  the  middle  member  there  is  no  good  term,  though  Henrietta  has  been  used 
in  the  general  sense  here  suggested  ;t  but  if  this  usage  is  to  be  adopted,  it  woakl 
seem  desirable  that  the  formation  be  properly  defined  and  some  general  section  of 
it  as  typically  exposed  be  given.  Since,  however,  Henrietta  was  first  applied  to  a 
distinctive  phase  of  the  formation,  that  displayed  in  southwestern  Missouri,  it  will 
probably  be  found  better  in  the  end  to  adopt  a  general  term  for  the  whole  region, 
retaining  the  terms  now  in  use,  Pawnee,  Oswego,  Henrietta,  Appanoose,  and  Rac- 
coon River  beds,  for  local  use.  This  is  the  more  advisable,  since,  while  the  l)eds 
show  certain  general  characters  common  to  all  and  are  probably  of  espentially 
contemix>raneous  origin,  they  really  contain  the  record  of  de|K>sition  in  four  and 
perhaps  more  essentially  distinct  though  minor  geological  provinces. 

This  paper  is  printed  in  full  in  the  Journal  of  Geology,  vol  vi,  pages 

677-688. 

THE  PRINCIPAL  MISSOURI  AN  SECTION 
BY   CIIARLI<»   K.    KBYES 

The  following  paper  was  read  by  tlie  author : 

TOURMALINE  AND   TOURMALINE  SCHISTS  FROM  BELCHER  HILL,  COLORADO 

BY    IIOKACK   B.    PATrON 

Remarks  were  made  by  Vice-President  Emerson.  The  paper  is  printed 
in  this  volume. 

The  Society  adjourned  at  1  o'clock  p  m  for  the  noon  recess,  and  re- 
convened at  2  o'clock.     The  first  paper  of  the  afternoon  was  entitled 

NOTE  ON  A    METHOD  OF  STREAM  CAPTURE 
BY   ALFRED  C.    LANE 

I  do  not  know  whether  it  was  the  result  of  my  instruction  or  of  my  own  miscon- 
ceptions  that  I  used  to  conceive  of  stream  capture  as  culminating  in  a  somewhat 
sudden  diversion  of  the  captured  stream,  perhaps  in  time  of  flood,  into  the  channel 
of  the  conquering  stream.  Such  terms  as  '*  piracy  "  carry  with  them,  perhaps  unin- 
tentionally, the  thought  of  violent  and  sudden  action. 

In  any  case  the  method  of  rearrangement  of  dminage  which  I  shall  attempt  to 
describe  struck  me  as  a  novelty  when  I  first  came  uiH)n  it  in  operation.  In  this 
process  the  valley  of  the  weaker  ntream  is  drained  by  subsurface  drainage  until 
the  valley  becomes  a  dry  valley,  except  in  times  of  min.  As  soon  as  the  channel 
is  verdure  clad,  erosion  practically  ceases  and  the  valley  level  remains  stationary, 
or  may  even  rise  through  loam  wsislied  down  from  the  side,  until  some  stream 


*  IvRiisaf*  rniversity  (.Juart«Tly.  vol.  ii,  |).  274,  IS'.Cj. 

fKeyes:   Procfediiigs   Iowa  Aeadeiuy  of  {^cioiiee,  vol.  iv,  p.  2.'t.  and   En^iDeering  and  Mining 
Journal,  February  26,  1H9«,  p.  '1:a. 
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working  backwards  or  sideways  through  the  divide  succeeds  in  reoccupying  it. 
In  such  case  it  would  be  more  appropriate  to  speak  of  the  former  stream  as  dying 
and  being  succeeded  by  tlie  latter,  rather  than  to  speak  of  one  stream  capturing 
another. 

We  ought  to  keep  clearly  in  mind  in  considering  the  phenomena  of  the  case  the 
fact  that  the  visible  rivers  and  streams  which  are  actively  engaged  in  the  work  of 
mirface  erosion  represent  but  a  remnant  or  residuum  of  the  rainfall  after  a  part  has 
been  evaporated  and  a  large  part  has  ])a8sed  beneath  the  surface  of  the  ground  to 
find  its  way  in  subterranean  channels. 

In  Michigan,  where  there  is  a  rainfall  of  about  3  feet,  not  more  than  a  foot  can 
be  accounted  for  in  the  surface  runoff.  Hence  it  is  that  au  increase  in  rainfall 
causes  the  visible  runoff  to  in- 
crease much  more  rapidly,  while 
this  visible  runoff  may  disappear 
entirely  when  the  rainfall  be- 
comes only  low.  According  as 
the  stream  bed  strata  are  more 
or  less  extensively  porous  will 
the  visible  runoff  be  more  or 
\ess  conspicuous.  Thus  I  have 
oflen  olwerved  streams  apj»ear 
in  considerable  volume  where 
they  had  cut  down  to  or  nearly 
to  impervious  bed  rock,  which 
above  and  again  below  that 
l>oint  were  lost  in  the  sands  and 
p^ravels  of  their  own  courses,  and 
ntterly  inefficient  in  erosive  ac- 
tion. 

The  first  time  that  I  saw  the 
connection  between  subsurface 
drainage  and  'stream  or  valley 
capture  was  in  a  stream  simi- 
larly situated  to  the  Douglass- 
Hough  ton,  and  as  the  same  phe- 
nomena are  more  likely  to  be 
visited  and  studied  there  by  the 
geologist  since  it  is  classical  for 
other  reasons,  I  will  use  it  as  an 
illus>tration.  Figure  1  shows  in 
s  sketchy  way,  with  the  help  of 

Bulletin  23  of  the  United  States  Geological  Survey,  the  contours  of  a  part  of  the 
stream,  each  row  of  hachures  corresponding  to  an  interval  of  20  feet. 

The  Douglass-Hough  ton  comes  down  the  trap  range  in  a  shallow,  relatively  broad 
valley  which  has  cut  in  but  10  to  20  feet.  Just  before  reaching  the  edge  of  the  trap 
range,  which  at  this  point  has  overridden  the  **  eastern  sandstone,'*  which  else- 
where is  deposited  unconformably  on  it,*  it  plunges  by  a  picturescjue  waterfall  into 


FiouKE  \.—DougUis9'Houghton  Ravine^  Keetceenaw  Point. 

Showing  liow  it  has  tapped  by  Hpringn  nt  ^  a  shallower 
ravine  to  the  Houth.  The  line  A-B  represents  the  contact 
line  of  the  impervious  traps  vrith  the  porous  eastern  sand- 
stone. 


•  See  vol.  vi,  part  ii,  Geological  Survey  of  Michigan,  by  L.  L.  Hubbard.    In  press. 
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a  narrow  gorge  over  100  feet  deep.  Just  to  the  south  of  it  runs  another  gully  not 
very  much  shallower  while  on  the  trap  range  than  the  Douglass- Hough  ton,  though 
it  has  less  water  and  smaller  drainage  area,  ^elow  the  falls  it  comes  quite  close 
to  the  Douglass-Houghton  ravine,  as  the  figure  shows,  and  at  a  point,  A,  on  the 
side  of  the  deep  ravine  corresponding  to  the  bottom  of  the  shallower,  we  find 
springs  where  the  two  enter  the  porous  sandstone.  In  other  words,  the  bottom  of 
the  upper  valley  becomes  leaky  and  has  let  out  the  water  into  the  lower.  The 
shallow  ravine  swings  away  attain  from  the  Douglass- Hough  ton  and  grows  dee}>er, 
l>ut  does  not  carry  water  in  ordinary  weather,  and  erosion  in  it  must  be  very  slow. 
The  point  where  the  springs  occur  is  liable  to  landslips.  Several  have  occurred 
since  I  first  saw  the  place,  nearly  ten  years  ago.  The  softening  action  of  the  water 
renders  them  especially  frequent,  and  in  this  particular  place  the  work  of  geologists 
anxious  to  study  the  contact  may  have  accelerated  matters,  so  that  I  should  not  Ije 
surprised  to  see  the  day  when  the  southern  gully  will  appear  a  direct  tributary  of 
the  main  ravine. 

Though  the  action  above  de8cril>ed  might  more  properly  be  designated  valley 
capture  than  river  capture,  I  have  no  quarrel  with  nomenclature,  but  wish  to  call 
attention  to  the  probability  that  in  many  cases  there  is  an  intermediate  stage  in 
which  a  valley  is  und rained  and  generally  dry  for  a  time  between  its  transference 
from  one  stream  to  another.  This  is  the  more  likely  to  be  true  the  more  porous 
the  valley  bottom  is.  This  remark  suggests  one  case  of  especial  interest  where  this 
method  of  rearrangement  of  the  dminage  occurs.  The  streams  draining  the  ice 
front  carried  away  vast  quantities  of  sand  and  gravel  to  be  deposited  in  their  val- 
leys ;  hence  in  them  the  amount  of  porous  subsurface  drainage  through  the  porous 
beds  of  the  valley  is  likely  to  be  very  large.  The  contribution  of  water  from  the 
melting  ice  has  been  abstracted,  and  hence  such  old  channels  are  now  occupied  by 
streams  much  too  small  for  them.  At  times  the  amount  of  surface  drainage  is  so 
slight  that  there  are  merely  swamps  or  here  and  there  pools  and  lakes  in  the  sand 
plains,  with  no  apparent  outlet,  in  spots  where  bore  and  there  the  subsur&ce  cur- 
rent comes  to  the  daylight.  Such  lakes  are  typically  known  as  "  crooked  lakes" 
in  our  Michigan  nomenclature.  The  above  state  of  affairs  I  suppose  to  be  widely 
prevalent.  In  Michigan,  over  the  lower  peninsula,  it  is  also  true  that  the  ice 
retired  first  from  the  higher  parts  of  the  rock  surface  and  extended  in  three  lobes 
with  two  cusps  between.  The  three  lobes  occupied  lake  Michigan,  lake  Huron, 
and  Saginaw  bay.  Streams  like  the  Tittabawassee,  the  headwaters  of  the  Cass, 
and  Huron  rivers,  and  Dowagiac  creek  are,  as  Doctor  Gordon  has  remarked,  espe- 
cially liable  to  the  kind  of  capture  that  I  have  described  from  a  host  of  vigorous 
streams  which  work  up  directly  from  the  lake  and  have  only  to  cut  through  interven- 
ing unconsolidated  moraines,  which  often  seem  to  have  overriden  gravels  connected 
with  the  gravels  of  these  glacial  drainage  valleys.  When  they  j^et  fairly  gnawing 
at  the  moraine  numerous  springs  appear  about  their  headwaters,  and  they  are 
helped  by  flowing  wells  put  down  by  farmers.  By  the  time  they  have  got  into  the 
old  drainage  valley,  considerably  before  they  have  abolished  the  divide  between 
them  and  the  old  glacial  channel,  the  subsurface  drainage  into  them  is  so  ample 
that  the  old  valley  is  so  dry  as  to  be  overgrown  with  verdure.  An  excellent  cross- 
section  may  be  studied  at  Rose  City  (township  24  north,  range  3  east).  At  Rose 
City  itself  we  are  near  the  headwaters  of  a  stream  which  flows  fairly  direct  to  lake 
Huron.     The  region  is  full  of  si)ring8  and  of  artesian  wells  which  have  10  to  20  feet 
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liead.  Go  about  two  miles  west,  passing  over  two  moraine  lines  alreatly  dissected 
l>y  transverse  valleys,  and  you  overlook  an  old  sandy  continuous  valley  between 
tvro  moraine  lines,  now  entirely  dry,  which  once  drained  past  West  Branch,  and, 
after  stopping  a  while  in  lake  Saginaw  (Taylor),  passed  down  the  Grand  River 
valley  to  lake  Michigan  and  the  Mississippi. 

The  second  paper  of  the  afternoon  was  as  follows : 

VOLUME  RELATIONS  OF  ORIGINAL  AND  SECONDARY  MINERALS  IN  ROCKS 

BY  CHARLKS   R.  VAN    HISE 

Remarks  were  made  by  Professor  Emerson. 
The  following  paper  was  then  read  : 

MAOMATIC  DIFFERENTIATION  IN  ROCKS  OF  THE  COPPER-BEARING  SERIES 

BY   ALFRED  C.    r^ANE 

lAbstraci] 

In  certain  of  the  effiisive  sheets  which  so  largely  make  up  the  Lower  Keweena- 
wan  or  Copper-bearing  series  a  difference  may  be  noted  between  the  upper  and 
the  lower  part  of  one  bed  or  flow  other  than  the  difference  between  the  amygda- 
loid and  compact  melaphyre.  At  the  top  amygdaloid,  somewhere  about  a  third  of 
the  way  below  the  top  of  the  bed,  the  rock  is  like  Pumpelly's  " ash-bed  diabase" 
type — feleitic,  grayish  green,  with  a  conchoidal  fracture,  and  conspicuously  por- 
phyritic  feldspar.  Somewhat  above  the  bottom  the  rock  is  of  the  type  of  Pum- 
pelly's **  luster- mottled"  type— heavier,  darker,  not  so  brittle,  showing  laths  of 
feldspar  embedded  in  augite  patches— that  is,  ophitic.  I  have  called  these  two 
varieties  of  melaphyre  porphyrite  and  ophite  respectively.  Tliere  is  more  augite 
in  the  latter  type,  and  observations  after  Michel-Ij^vy's  method  on  doubly  twinned 
(al  bite-Karlsbad)  sections*  of  feldspar  show  a  steady,  perhaps  continuous,  variation 
from  Ab^Aui  to  AbjAus. 

Analyses  A 1  and  B 1  are  respectively  from  near  the  bottom  and  top  of  one  sheet, 
A  2  and  B  2  from  the  bottom  and  middle  of  another.  The  silica  remains  fairly 
constant,  while  CaO  replaces  Na,0  toward  the  bottom.  The  inctrease  in  amount  of 
augite  (from  15  to  27  per  cent)*  and  in  the  basicity  of  the  feldspar  is  balanced  by 
decrease  in  amount  of  olivine  (from  17  to  6  per  cent).*  Toward  the  top  the  reddish 
micaceous  pseudomorphs  of  this  latter  mineral  are  conspicuous,  while  injthe  ophite 
it  is  represented  only  by  small  corroded  granules,  crowded  in  between  the  augite 
patches.  The  estimate  of  the  percentage  of  constituent  minerals  originally  present 
in  analyses  A  1  and  Bit  seems  to  show  that  the  amount  of  feldspar  remains  nearly 
constant  (52  to  55  per  cent),  so  that,  as  the  thiu  sections  indicate,  the  augite  is 
built  at  the  expense  of  the  olivine.     The  porphyritic  olivine  and  oligoclase  of  the 

*  Geological  Surrey  of  Miohignn,  vol.  vi,  pt.  i,  plate  v,  and  chapter  vl.  In  presp.  By  the  kind^ 
neas  of  the  state  geologint,  Mr  L.  L.  Hubbard,  I  aim  permitted  to  refer  to  this  report,  which  con- 
taiufimuch  detail  in  connection  with  this  paper,  a  little  in  advance  of  publication.  The  part  re- 
ferred to  is  all  printed. 

t  Loc.  cit.,  pp.  146,  147. 
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top,  which  are  often  clotted  together,  were  larj^ely  formed  before  Uie  lava  came  to 
rest.  Apparently  the  early  formed  oligoclase  rose  to  the  top  and  a  sodiferous  ma^nia 
was  thus  formed,  whicli  had  not  so  corrosive  action  on  the  olivine  as  the  calcareous 
magma  left  below. 

We  find  the  same  kind  of  relation  that  exists  between  the  top  and  bottom  of  the 
same  flow  on  comparison  of  different  flows.  This  would  suggest  that  a  similar  dif- 
ferentiation went  on  before  eruption  ;  but  among  the  set  of  dikes  which  are  by  all 
authorities  supposed  to  be  feeders  to  this  same  set  of  flows  we  find  a  variation  [C  1 
and  D  1)  like  that  de8cril)ed  by  Lawson  and  Shutt  between  the  center  (D  2  and  I)  3) 
and  margin  (C2  and  C3)  of  dikes  of  the  same  family  on  the  north  shore  of  lake 
Superior.  Indications  of  analogous  variation  may  be  found  elsewhere  (D  4  and 
C4).  In  these  analyses  the  decrease  of  lime  is  concomitant  not  only  with  the  in- 
crease of  alkalies,  which  is  characteristic  in  both  variations,  but  with  an  increase 
of  silica.  Lawson  ascribes  this  difference  to  a  concentration  of  the  water  glass 
soluble  in  superheated  water  toward  the  last  solidified  center.* 

This  explanation  seems  reasonable,  and  in  that  case  it  is  natural  that  the  differ- 
entiation in  effusives  should  go  another  gait,  for  the  SiO^  is  no  longer  highly  solu- 
ble, but  quite  the  contrary.  We  might  by  analogy  suppose  that  the  differentiation 
of  the  calcareous  magma  of  the  ophite  which  (as  the  ophitic  texture  shows 
must  be  formed  in  a  state  of  rest)  is  almost  surely  the  last  to  solidify,  is  due  to  a 
concentration  of  the  more  fusible  (soluble  in  caloric)  part.  Augite  is  much  more 
fusible  than  olivine,  and  labradorite  is  probably  the  most  fusible  of  the  plagioclase 
series.  It  is  worth  noting,  too,  that  this  effusive  differentiation  tends  toward  Bun- 
sen's  normal  basaltic  magma  (A  3). 

Group  A — Effusives  (lower  Part  of  Flow). 


SiOj... 
TiOa... 

FeO ... 
MgO .. 
CaO ... 
NoaO.. 
K,0 ... 
UjO ... 


Components. 


Sum.... 
Sp.  \Vt. 


♦  See  Becker  on  Fractional  Cry.stal ligation,  in  Am.  Jour.  Sci.,  fourtJi  series,  l«y7,  vol.  iii,  p.  21.  I 
cannot  understand  why  Becker  .slum Id  consider  fnictional  crystallization  antipodal  to  niaKniatic 
differentiation,  for  it  seems  to  me  a  most  ctfectivo  way  of  promoting  it.  However,  it  is  only  a 
que.otion  of  names. 
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Group  B — Effusives  (upper  Part  of  Flow), 


.SiC>s... 
Ti(>a... 

Fi?0  .. 
MkO.. 
CaO..., 
NajO.. 
K,0... 
HjO..., 


Components. 


Sum.... 
8p.  Wt. 


Gboup  C — Normal  basic  Intnmves, 


Components. 

1 

47.99 
2.71 

16.67 
6.01 
5.13 
6.01 
9.36 
2.00 
1.39 
2.64 

2 

3 

4 

SiOj 

47.83 

47.50 

45.73 

TiOw. 

Al-Oi. 

♦30.28 

}       4.57 

♦4.32 
6.72 
l.V) 
Tr. 

2.19 

♦22.44 

7.40 

*ii.n 
10.21 

1.62 
1.29 

2.8.'>* 
0.34 

13.48 

Fp*Oa 

FeO 

11.60 

MkO ." 

15.40 

■'»«-'••••"•■•••  ...••••••••••••••••••••••••••••• 

CjiO 

9.92 

X»»o ; 

.3.24 

K*(> 

0  47 

H30 

0.94 

p,«v- 

•  s  -^ • ■ 

Sum 

♦99.90 

92.2fi 

97.36 

KM).  78 

SiOj.... 

TiOs... 

AI,0,.. 

F«,Oa 

FeO.... 

>fgO... 

CaO.... 

NajO . 

Kj* )... 

H2O ... 

PjOs ... 


8am 


Group  D — Qitartziferous  basic  ItUrusivea  {central). 


Components. 


1 

2 

3 

4 

54.11 

57.50 

52.47 

52.06 

0.85 
12.09 

♦2:^.44 

♦25.54 

13.67 

4.00 
11.51 

■ 

0.07 

6.31 

15.97 

3.47 

♦2.76 

♦2.31 

5.01 

!           6.72 

.^.62 

6.62 

8.15 

1           2.73 

2.01 

3.23 

3.:W5 

1.49 

0.46 

0.54 

0.86 

1.39 

2.26r 

1.28c 

1.05 

0  12 

2.02 

1.16 

99.23 

101.12 

99.46 

100.13 

♦  Lobs  on  ignition. 
Ill— But.t.  GnoL.  Soc.  Am..  Vol.  10,  1898 
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The  analyses  are  all,  ext*ept  C4,  D4,  A  3,  cited  from  volume  vi,  Geological  >?unv; 
of  Michifran,  pages  215  and  266,  wtiere  the  original  references  and  descriptions  an 
other  pertinent  analyses  may  be  found. 

0  4  and  p4  are  from  the  American  Geoloj^ist,  volume  xxii  (181Wi),  |Nige  87,  l-y 
T.  L.  Watson.  Bunsen's  normal  basalt  analysis,  A  3,  is  in  many  text  books.  1 1  i> 
from  Neumayr's  Krd-(ie8ohichte. 

Comparable  analyses  in  A  and  B,  C  and  1)  have  the  same  number,  and  thoujrt 
the  figures  marked  with  a  star  are  certainly  erroneous,  the  rocks  (as  the  water  •  - 
loss  shows)  none  too  fresh,  and  the  accuracy  of  the  analyses  generally  none  i*.- 
high,  yet  as  the  corresponding  analyses  of  each  set  are  by  the  same  chemist,  ai.'. 
four  different  chemists  represented,  1  think  the  inferences  I  have  drawn,  confirnifl 
as  they  are  by  i>etrography,  are  fairly  safe.  Other  recent  analyses  of  plut<»ni' 
rocks  of  the  same  family  may  be  found  in  the  Journal  of  Geology,  volume  i  {IK^--  . 
page  712,  and  volume  vi  (1898),  page  387. 

The  full  paper  is  printed  in  volume  vi  of  the  reports  of  the  Michigan  Geolc^csi 
Survey. 

The  next  paper  was  entitled  : 

DEVELOPMENT  OF  THE  OHIO  RIVER 
BY  WILLIAM   O.    TIGHT 

Remarks  were  made  by  I.  C.  White  and  G.  F.  Wright. 
The  next  two  i)aper8  were  read  by  title. 

CLASSIFICATIoy  OF  COASTAL  FORMS 
BY   F.    P  GULLIVER 

{^Abstracf] 

This  paper  proposed  a  scheme  for  the  classifications  of  the  various  forms  of  the 
coasts  according  to  their  origin  and  stage  of  development.  Two  markedly  differ- 
ing classes  of  initial  forms  were  pointed  out,  thosc^  following  elevation  and  th<>se 
following  depression  of  the  land.  Each  class  was  shown  to  have  characteribt it- 
forms  at  various  stagt^s  of  development,  and  the  writer  ui-ged  othera  to  think  of  all 
the  forms  on  the  coast  or  along  the  shore  as  in  a  certain  stage  of  their  life  history. 
Thus  it  will  be  possible  to  conceive  more  easily  the  form  from  which  any  given 
example  has  come  and  toward  what  form  it  is  developing. 

The  paper  was  discussed  by  W  J  McGee  and  others,  who  emphasize^l 
the  value  of  genetic  classifications  such  as  had  been  made  in  the  above 
I)aper. 

This  paper  is  published  in  full  in  the  Proceedings  of  the  American 
Academy  of  Arts  and  Sciences,  volume  xxxiii,  1898. 

DLSSECTJOy  OF  THE  URAL  MOV  STAINS 
BY   P.    P.    Gl'LLIVER 

The  paper  is  jmnted  in  this  volume. 
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The  next  paper  was  read  by  the  author : 

NOTE  ON  MONADNOCK 
BY   F.    P.    GULLIVER 

{_Ab8tract'\ 

A  recent  trip  to  this  region  in  southern  New  Hampshire  was  described  and  the 
relation  of  the  more  resistant  rock  of  which  this  mountain  is  composed  to  the  New 
England  upland,  spread  out  as  a  great  carpet  at  its  feet,  was  strongly  emphasized. 
The  dissection  of  the  old  peneplain  since  its  uplift  was  considered  and  two  well 
marked  former  stream  grades  were  shown  to  exist  in  this  region.  The  correlation 
of  these  old  grade-plains  way  above  the  present  sphere  of  stream  action  with 
those  previously  observed  and  reported  to  the  Society  by  the  same  writer  was  left 
until  more  field  work  had  been  done. 

Remarks  were  made  by  Professor  Emerson. 

The  following  was  read  by  title : 

SPACING  OF  RIVERS  WITH  REFERENCE  TO  THE  HYPOTHESIS  OF  BASELEVELINQ 

BY   N.    S.  8HALEK 

In  the  absence  of  the  author,  the  last  paper  of  the  program  was  read 
by  Professor  Ellen  Hayes,  of  Wellesly  College. 

THE  CONTINENTAL  DIVIDE  IN  NICARAGUA 
BY  C.    WILLARD   HAYES 

The  meeting  was  declared  adjourned. 
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Introduction 


Tourmaline  is  a  not  uncommon  mineral  in  the  northern  part  of  Jeffer- 
son county,  Colorado.  It  is  to  be  found  as  an  ingredient  of  the  quartz- 
feldspar  boulders  which  strew  the  mesas  bordering  the  foothills  west  of 
Denver  and  in  the  beds  of  the  streams  which  drain  the  crystalline  schists 
of  these  foothills.  It  may  also  be  found  in  place  in  the  numerous  peg- 
matite veins  that  everywhere  cut  the  schists.  Beautiful  lustrous  black 
crystals,  often  two  or  more  inches  in  diameter,  have  been  obtained  from 
these  pegmatite  veins.  In  rare  cases  colors  other  than  black  may  be 
seen,  as  for  instance,  some  small  crystals,  about  a  quarter  of  an  inch  in 
diameter,  with  white  centers  and  black  margins,  found  in  a  pegmatite 
boulder  near  Golden. 

While  the  pegmatite  veins  may  well  be  considered  the  habitat  of  the 
Jefferson  County  tourmalines,  in  some  cases  this  mineral  occurs  with 
somewhat  different  association.  On  the  so  called  Belcher  Hill  road,  one 
of  the  roads  leading  from  Golden  to  Central  City,  are  several  unusually 
interesting  occurrences  of  tourmaline. 

This  road  runs  north  from  Golden,  skirting  the  foothills  for  a  distance 

IV— Bull.  GtOL.  Soc.  An.,  Voi,.  1(»,  1«9»  (21) 
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of  some  five  or  six  miles,  and  then  turns  westward  and  climbs  the  hills 
in  sharp  zigzags  until  an  altitude  of  1,000  feet  above  the  base  is  reached. 
At  the  summit  the  country  flattens  out  and  the  first  mountain  ranches 
begin  to  appear.  On  the  way  up  the  mountain  the  country  rock  is  well 
exposed  along  the  road.  It  consists  of  micaceous  schists  of  greatly  vary- 
ing degrees  of  schistosity.  Not  infrequently  they  become  extremely 
micaceous  and  are  then  beautifully  crinkled.  The  schists  are  composed 
of  both  white  and  black  mica  associated  with  quartz,  and  sometimes,  but 
not  characteristically,  with  feldspar.  One  may  see  at  frequent  intervals 
during  the  ascent  numerous  veins  of  quartz  or  of  quartz  and  feldspar 
containing  the  habitual  black  tourmaline.  More  extensive  exposures, 
however,  occur  just  before  reaching  the  summit  of  the  long  climb  o\>- 
posite  the  first  piece  of  cleared  land  to  be  seen  on  the  right  of  the  road. 
There  are,  in  fact,  three  outcrops,  to  which  attention  may  be  specially 
directed,  differing  from  each  other  and  from  most  of  the  tourmaline  oc- 
currences of  this  region.     They  will  be  described  separately. 

First  IjOCality:  Tourmaline  as  a  Vein  Mineral 

An  18-inch  vein  of  quartz  and  tourmaline  is  to  be  seen  striking  almost 
at  right  angles  to  the  road  and  exposed  in  the  roadway.  The  vein  is  not 
quite  parallel  to  the  cleavage  direction  of  the  mica-schists  which  strike 
east  and  west  and  dip  nearly  vertically.  The  tourmaline  at  this  locality 
is  a  fine  grained  schorl -like  mass  more  or  less  banded  with  white  vein 
quartz.  The  vein  may  be  traced  for  two  or  three  hundred  feet  in  the 
field  to  the  northeast  by  means  of  fragments  on  the  surface.  Numerous 
blocks  of  this  rock  lie  scattered  along  the  road  for  50  or  100  feet  below 
the  outcrop. 

In  most  cases  tourmaline  predominates  over  quartz.  It  does  not,  as 
is  usually  the  case,  occur  in  coarse  grains  or  crystals,  but  rather  in  a  dense 
felted  mass,  the  fibrous  character  of  which  is  evident  only  upon  a  close 
examination,  as  the  fibers  or  needles  are  hardly  over  one  millimeter  in 
length.  The  banded  structure  of  tlie  rock  is  usually  very  marked,  and 
the  strong  contrast  between  the  white  of  the  quartz  and  the  black  of  the 
tourmaline  is  very  striking.  Where  quartz  grains  are  intimately  mixed 
with  tourmaline,  as  is  not  infrequently  the  case,  this  banding  becomes 
less  pronounced  or  entirely  disappears. 

A  thin-section  of  this  rock  discloses  under  the  microscope  granular 
quartz,  sometimes  distinct  prisms  and  sometimes  irregular  grains  of  tour- 
maline, together  with  a  very  little  muscovite.  In  addition  to  these  min- 
erals may  be  mentioned  a  few  small,  irregular  grains  that  show  very 
high  refractive  i)owers  and  may  well  be  considered  rutile.  The  tour- 
maline is  very  strongly  characterized  under  the  microscope.     It  shows 
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strong  negative  birefraction  ;  also  a  rather  high  index  of  refraction  and 
very  striking  pleochroism.  In  moderately  thin  sections  the  ordinary 
ray  is  almost  completely  absorbed  and  shows  a  dull  blackish  green  color, 
while  the  extraordinary  ray  is  light  brown. 

The  effect,  if  any,  of  this  vein  on  the  adjacent  schist  could  not  be  ob- 
served at  the  place  of  outcrop,  but  to  the  west  of  the  road  lie  blocks  of 
schist  which  show  a  partial  impregnation  by  tourmaline,  and  also  a 
gradual  disappearing  of  the  tourmaline  in  the  direction  of  the  cleavage 
plane.  Judging  from  the  occurrence  of  tourmaline  at  the  two  other  lo- 
calities described  below,  it  is  probable  that  these  loose  blocks  came  from 
close  contact  with  the  quartz-tourmaline  vein. 

Second  Locality  :  Tourmaline  impregnating  Schist  at  Contact  with 

A  large  Pegmatite  Vein 

This  is  to  be  found  about  500  feet  up  the  road — that  is,  to  the  west- 
ward of  the  first  locality.  The  outcrop  is  more  extensive  than  at  the 
first  named  locality.  It  consists  of  a  pegmatite  vein  about  10  feet  wide 
where  it  crosses  the  road,  cutting  the  road  diagonally  with  a  northeast- 
southwest  strike.  The  tourmaline,  which  is  to  be  found  only  sparingly 
in  the  vein  itself,  occurs  impregnating  the  schists  at  contact  with  the 
vein.  Just  at  the  fence  the  contact  may  be  seen  well  exposed.  The  im- 
pregnation extends  about  two  to  three  feet  from  the  line  of  contact,  and 
the  black  streaks  of  tourmaline  are  usually  parallel  with  the  schist 
cleavage.  To  the  southwest  of  the  road  the  pegmatite  vein  takes  a  nearly 
north-and-south  course,  and  continues  about  10  feet  wide  for  200  or  '^00 
feet,  and  then  gradually  widens  to  about  double  this  width.  On  both 
sides  of  the  vein  the  schists  are  thoroughly  metamorphosed  for  a  foot  or 
two  from  the  contact.  They  lose  in  places  all  traces  of  the  original  cleav- 
age, and  develop  into  aggregates  of  quartz  and  tourmaline  to  the  entire 
exclusion  of  the  mica.  Where  this  alteration  is  most  complete  the  streaks 
of  tourmaline  do  not  appear  to  bear  any  relationship  to  the  original 
cleavage  direction.  Curiously  enough,  as  the  vein  widens  the  tourma- 
linizing  of  the  schist  becomes  less  and  less  marked,  till  it  ceases  alto- 
gether where  the  vein  ends  suddenly  at  its  widest  point. 

Fragments  of  this  tourmalinized  schist  are  thickly  strewn  along  both 
sides  of  the  road,  and  the  varying  structures  may  be  well  studied  from 
these  fragments.  In  general,  the  rock  may  be  said  to  present  the  appear- 
ance of  a  laminated  or  banded  grayish  or  reddish  gneiss,  and  without 
close  observation  one  would  hardly  suspect  the  presence  of  tourmaline. 
Unually  the  banded  schistose  structure  is  sharply  defined  and  the  bands 
straight  and  parallel,  but  not  infrequently  a  decided  crinkling  of  the 
bands  is  to  be  observed  similar  to  that  noticed  in  the  neighboring  mica- 
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schistD.  The  bands  vary  in  thickness,  but  are  usually  very  thin,  in  some 
cases  not  over  one  millimeter  thick. 

This  rock  consists  of  quartz,  tourmaline,  and  muscovite.  Biotite, 
although  very  abundant  in  the  immediately  adjacent  mica-schist,  is 
usually  entirely  wanting  in  the  tourmaline-schist.  The  tourmaline  ha:? 
evidently  been  formed  at  the  expense  of  the  biotite.  The  grayish  or 
reddish  portions  are  composed  of  quartz  or  of  quartz  and  muscovite. 
Feldspar  appears  to  be  entirely  lacking.  In  many  cases  the  main  ]>or- 
tion  of  the  rock  is  composed  of  a  mass  of  quartz,  with  or  without  mus- 
covite, through  which  run  thin  black  lines  of  tourmaline.  In  still  other 
cases  the  quartz-muscovite  mass  is  penetrated  in  two  different  directions' 
by  parallel  lines  of  tourmaline.  Tliese  two  series  of  black  lines  are  some- 
times almost  at  right  angles  to  each  other;  at  other  times  they  make 
sharply  oblique  angles.  By  their  intersection  with  each  other  they  thus 
produce  a  beautiful  reticulated  structure.  A  still  different  structure  is 
produced  when  one  set  of  these  lines  is  sharp  and  straight  while  the 
other  is  broad  and  wavy  or  crinkled. 

This  tourmalinized  schist  is  cut  by  numerous  small  sharp  veins  of 
quartz  or  of  quartz  and  muscovite.  These  vary  from  aline  to  several  inches 
in  thickness.  They  sometimes  are  parallel,  but  often  cross  each  other. 
These  cutting  veins  not  infrequently  have  affected  the  process  of  tour- 
malinization,  inasmuch  as  a  more  intense  tourmalinization  is  to  be 
noticed  in  the  immediate  vicinity  of  the  veins.  Where  much  muscovite 
is  present  in  the  veins  this  effect  appears  to  be  less  marked.  Coan?er 
crystals  of  tourmaline  may  also  be  seen  in  these  narrow  veins,  or  they 
may  project  slightly  into  the  quartz  mass  of  the  vein. 

Under  the  microscope  the  tourmaline  of  this  locality  is  seen  to,be  very 
similar  to  that  of  the  first  described  locality.  Usually  the  grains  are 
irregular  in  outline,  or  even  very  ragged,  and  then  filled  with  quartz 
inclusions.  Frequently,  too,  there  occur  small  darker  colored  pleochroic 
zones  surrounding  yellowish  specks  of  either  rutile  or  zircon  or  of  some 
similar  mineral.  Occasionally  the  tourmaline  shows  well  defined  pris- 
matic habit  with  rhombohedral  terminations. 

In  addition  to  the  above  mentioned  minerals,  there  also  occurs  a  veri' 
little  muscovite  in  the  sections  studied.  This  scarcity  of  muscovite, 
however,  is  only  accidental,  as  it  is  very  abundant  in  most  of  the  hand 
specimens.  In  addition  may  be  mentioned  a  few  small  grains  of  a  white 
mineral  with  weak  birefraction  and  strong  index  of  refraction.  They  are 
taken  to  be  apatite. 

Photographic  reproductions  of  these  structures,  as  shown  in  figures 
1  and  2,  plate  1,  and  in  fin:ures  1  and  2,  plati3  2  (about  one-half  natural 
size)  give  but  a  faint  idea  of  the  delicacy  of  the  lines  and  of  the  beauty 
of  the  original  8[)ecimens,  but  they  may  serve  to  show  the  variety  of  the 
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structures  involved.  All  the  dark  colored  lines  in  these  reproductions 
represent  tourmaline,  while  the  light  colored  portions  are  mostly  quartz. 
In  figure  1,  plate  1,  and  in  figure  2,  plate  2  may  be  seen  the  cross-hatched 
structure  produced  by  narrow  streaks  of  tourmaline  crossing  each  other. 

Third  Locality  :  TouRMALiNfe  impregnating  Schist  at  Contact  with 

SMALL  Pegmatite  Veins 

Some  1,500  feet  farther  along  the  road  beyond  the  first  locality,  just 
where  one  first  comes  in  sight  of  the  "  Rocky  Mountain  ranch,"  occurs 
a  vein  of  pegmatite  about  two  to  three  feet  in  width.  This  vein  runs 
straight  up  and  down  the  hill  at  right  angles  to  the  road.  It  divides  into 
branches  which  enclose  **  horses ''  of  schist.  The  cleavage  of  the  schist 
and  the  vein  strike  in  the  same  direction.  Here,  too,  the  schist,  which 
is  very  micaceous,  is  impregnated  with  tourmaline  on  both  sides  of  the 
pegmatite  vein,  as  are  also  the  enclosed  horses.  The  streaks  of  tourma- 
line run  parallel  to  the  vein  and  to  the  rock  cleavage.  The  vein  may  be 
traced  about  200  feet  down  the  hill.  Farther  down  are  other  veins  of 
pegmatite,  striking  in  the  same  direction  and  accompanied  by  similar 
alteration  of  the  schist  at  contact. 

At  this  locality  the  country  rock  has  not  been  extremely  altered  at 
contact  with  the  pegmatite  veins,  and  the  rock  cleavage  has  not  been 
apparently  lessened.  The  schist  here  is  a  friable,  soft  mica-schist  of  a 
beautiful  bronze-like  luster.  Near  the  contact  it  contains  minute,  deli- 
cate prisms  and  needles  of  black  tourmaline  scattered  thickly  but  very 
irregularly  throughout  the  mass.  In  places  this  tourmalin i zed  rock  has 
a  well  defined  crinkled  structure. 

Under  the  microscope  the  tourmaline  is  seen  to  be  in  sharply  defined 
prisms  which  often  show  double  termination,  one  end  having  a  very  flat 
rhombohedron  and  the  other  end  a  less  fiat  rhombohedron.  Light  yel- 
low to  blood  red  stains  of  iron  oxide  abound  and  explain  the  bronze-like 
luster  of  the  rock.  Quartz  is  not  very  abundant  and  the  biotite  is  present 
only  in  traces. 

Discussion  as  to  Origin  of  these  Tourmaline  Rocks 

As  to  the  origin  of  these  tourmaline  rocks  it  is  evident  that  at  the  last 
two  localities  they  are  local  modifications  of  the  mica-schists  which  form 
the  country  rock,  and  are  limited  to  a  narrow  zone  of  contact  with  veins 
of  pegmatite.  In  all  three  localities,  and  this  applies  to  all  occurrences 
of  tourmaline  seen  by  the  author  in  this  region,  the  tourmaline  occurs 
only  in  or  near  veins.  This  mineral  does  not  appear  to  form  an  impor- 
tant constituent  of  the  surrounding  schists.     In  a  few  cases,  however,  the 
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country  rock  appeared  to  carry  a  little  tourmaline,  together  with  a  large 
amount  of  biotite. 

Of  course,  this  quite  agrees  with  what  is  generally  known  about  the 
occurrence  of  tourmaline.  Only  a  few  instances  are  given,  as  far  as  the 
author  is  aware,  where  tourmaline  occurs  as  one  of  the  main  ingredients 
in  a  schistose  rock,  without  any  connection  with  fissures.  Such  rocks, 
for  instance,  are  mentioned  by  Zirkel  as  occurring  in  the  Erzgebirge  of 
Saxony.*  Usually  tourmaline  is  found  near  the  margin  of  granite  masses, 
or  in  the  rocks  adjacent'  to  large  masses  of  granite,  and  in  either  case  are 
considered  to  be  contact  features  of  the  granite. 

A  case  in  point,  which  is  similar  in  some  respects  to  the  one  under 
discussion,  is  the  occurrence  of  tourmaline  at  Auerberg,  in  Saxony .f  At 
this  locality  there  is  a  vein  of  quartz  and  tourmaline  cutting  through  a 
mass  of  mica-andalusite-hornfels  near  the  junction  with  the  granite. 
The  hornfels,  itself  a  slate  rock  metamorphosed  by  contact  with  granite, 
has  been  tourmalinized  on  both  sides  of  the  vein,  the  tourmaline  taking 
the  place  of  biotite  and  andalusite. 

Many  other  cases  might  be  quoted  where  tourmaline  occurs  in  con- 
nection with  fissures  at  or  near  the  junction  with  granite.  Apparently, 
however,  there  is  no  true  granite  in  this  region ;  at  least  there  is  no  large 
mass  of  granite  capable  of  producing  ordinary  granitic  contact  phenom- 
ena. The  pegmatite  veins  of  these  foothills  are  usually  composed  of 
coarse  granular  aggregates  of  reddish  microcline  and  quartz,  with  or 
without  muscovite,  and  occasionally  garnet.  They  frequently  resemble 
segregation  veins  in  that  they  shade  off  into  the  adjoining  schists  without 
any  well  defined  vein  wall.  One  of  the  veins  on  Belcher  hill  broadens  out 
to  a  considerable  width,  but  is  not  as  large  as  many  of  the  pegmatite 
veins  of  this  region.  It  may  be  an  intrusive  dike,  but  in  the  opinion  of 
the  writer  these  and  other  pegmatite  veins  of  the  region  are  not  of  such 
origin.  Without  entering  into  the  discussion  of  the  origin  of  the  peg- 
matite veins,  the  following  points  may  be  emphasized  in  conclusion : 

Summary 

The  tourmaline  on  Belcher  hill  occurs — 

1.  In  separate  crystals  in  pegmatite  veins. 

2.  In  black  echorl-like  masses  with  quartz,  filling  fissures  in  the  crys- 
talline schists. 

3.  In  mica-schists,  at  the  junction  of  veins  of  pegmatite  or  of  quartz, 
in  the  form  of  finely  disseminated  grains  and  needles  replacing  biotite 
and  sometimes  feldspar  and  even  quartz. 


♦Zirkel  :  LehrWuch  der  FotroKrapliie,  vol.  3,  p.  410.     Leipsic,  1894. 
t  Zirkel :  Lehrbuch  der  Petrographie,  vol.  2,  p.  119. 
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Introduction 

In  my  former  j)aper,  **  Glacial  lakes  of  western  New  York,"*  the  glacial 
lake  phenomena  of  western  New  York  were  treated  in  an  introductorv 
way,  of  necessity  incomplete  and  somewhat  theoretical.  In  subsequent 
papers  t  special  features  and  restricted  areas  were  described.  So  much 
of  value  and  interest  has  since  been  learned  concerning  the  lacustrine 
history  of  the  area  that  it  seems  desirable  to  publish  the  present  results 
as  a  review  of  the  subject  to  date. 

There  still  remain  unstudied  the  extreme  eastern  and  western  limits 
of  the  area — that  is,  the  valleys  west  of  Tonawanda  creek  and  those  ea^t 
of  Butternut  creek — and  even  within  the  studied  area  many  points  should 
be  determined  with  more  precision.  Perhaps  the  most  interesting  matter 
relates  to  the  history  of  the  broader  waters — the  Newberry,  Warren,  and 
hyper- Iroquois  lakes. 

Unfortunately  the  topographical  sheets  of  but  a  small  part  of  the  area 
have  been  published.  Maps  and  sketches  in  black  and  w^hite  and 
without  contours  cannot  satisfactorily  indicate  the  lacustrine  features, 
namely,  channels,  deltas,  terraces,  and  beaches.  Their  significance  rests 
largely  in  their  relationship  of  altitude.  Until  the  topographic  sheets 
of  the  region  are  available,  the  reader  must  supplement  the  accompany- 
ing illustrations  and  an  atlas  of  the  state  with  large  use  of  the  scientific 
imagination. 

The  map  has  the  same  base  as  that  with  the  former  paper,  but  with 
addition  of  new^  data.  The  numerals  show  the  present  altitudes  referred 
to  ocean  level.  At  cities  and  towns  the  elevation  is  that  of  top  of  rail  at 
principal  railroad  stations.  It  is,  however,  imj)ortant  to  keep  in  mind 
the  fact  that  the  present  altitudes  were  not  the  altitudes  of  the  same 
points  during  the  time  of  the  glacial  waters.  At  that  period  the  area 
under  study  was  some  hundreds  of  feet  lower  than  it  is  today,  and  in  the 
uplifting  to  present  level  it  has  not  only  risen  as  a  wliole,  but  has  been 


*  Bull.  (iool.  .So(\  Am.,  vol.  fi,  pp.  3.3:j-a74,  April,  1«».">. 
t<»la(Mal  riene.see  Laki'S.     Bull.  Gool.  Sof,  .Aui.,  vol.  7,  pp.  42.V4r>2 ;  ] 
\V«?st<»rn  New  York  and  tliotieneva  Boaoh.     Bull.  Geol.  Soc.  Am.,  vol.  8, 


Lake  Warren  Hhoreljiie'*  in 
pp.  2r,9-284. 


MAP   AND    (JKNEKAL    DESCRIPTION  29 

tilted  so  that  the  water  planes  all  rise  to  the  northward,  or  east  of  north, 
at  a  rate  of  two  to  three  feet  i>er  mile. 

The  local  lakes  were  not  of  long  duration  and  their  surface  level  was 
unstable,  changing  with  the  downcutting  of  the  outlets  and  with  the 
j^reatly  increased  volume  of  the  summer  melting  of  the  ice-sheet;  con- 
i<e<iuentl y  true  beaches  are  usually  wanting.  The  conspicuous  evidences 
are  the  deltas  of  land  streams  with  their  terraces,  embankments,  bars 
and  spits,  and  the  outlet  channels.  East  of  Seneca  valley  the  evidences 
are  the  same  for  the  broader  Warren  and  hyper-Iroquois  waters,  true 
beaches  not  having  been  found.  The  elevations  of  water-level  in  the 
eastern  part  of  the  area  are  mainly  based  upon  the  embankments  and 
terraces,  which,  however,  varied  in  their  relation  to  the  water  surface. 
Some  of  the  ridges  ])arallel  or  oblique  to  the  streams  were  probably  on 
plateaus  an  uncertain  distance  above  ordinary  water ;  those  transverse 
to  stream  channels  and  composed  of  well  assorted  or  finer  material  were 
subaqueous  and  sometimes  many  feet  below  the  surface.  The  study  of 
these  formations  has  not  been  carried  to  that  degree  of  refinement 
whereby  the  vertical  relation  of  the  terraces  and  embankments  to  the 
water  surface  can  be  determined.  The  precise  elevations  given  in  the 
paper  were  found  by  spirit-leveling,  unless  otherwise  stated. 

Three  shorelines  are  indicated  on  the  map  (plate  3).  That  of  lake 
Iroquois,  with  an  elevation  from  Rochester  to  Rome  of  about  440  feet, 
is  represented  as  continuous,  although  from  Sodus  bay  eastward  it  is 
immature  and  indeterminate;  that  of  lake  Dana,  which  theoretically 
extends  westward  throughout  the  Erie  basin  and  eastward  a  little  further 
than  lake  Warren,  but  about  190  feet  lower  than  Warren,  is  indicated 
only  where  it  has  been  continuously  traced — on  the  west  side  of  Seneca 
valley.  The  Warren  shoreline  has  been  traced  with  practical  continuity 
as  far  east  as  the  meridian  of  Rochester,  and  good  delta  phenomena  have 
been  found  as  far  east  as  Owasco  valley.  The  theoretical  limits  are  in- 
<licated  as  far  eastward  as  the  great  s[)illway  of  the  hypo- Warren  Waters 
northeast  of  Skaneateles.  It  would  have  made  the  map  confusing  to 
indicate  the  still  higher  shoreline  of  lake  Newberry,  which  should  oe 
traced  about  the  valleys  of  Cayuga,  Seneca,  Keuka,  and  Bristol  at  about 
lOO  feet  over  the  Warren  plane,  and  opening  southward  at  the  Horse- 
heads  outlet  with  900  feet  elevation. 

General  Description 

The  records  of  these  extinct  waters  are  the  very  latest  j)henomena 
connected  with  the  ice  invasion,  and  are  the  connecting  link  between 
the  glacial  condition  and  the  present  hydrography.     This  writing  is 
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chiefly  a  plain  description  of  the  more  important  features  of  these  ancient 
lakes.  The  matter  is  of  lively  interest  to  perhaps  only  a  few  persons, 
but  the  detarls  are  necessary  to  the  more  general  study  of  the  Pleisto- 
cene. No  economic  or  practical  result  from  the  knowledge  is  foreseen, 
but  as  pure  science  the  study  of  these  waterless  lakes,  waveless  shores, 
and  streamless  channels  has  a  fascination  and  romance.  Its  immediate 
results  are  of  some  value  in  helping  to  determine  the  conformation  of 
the  glacier  front  during  its  recession,  and  the  deformation  of  the  land 
surface  since  the  shoreline  features  were  produced. 

A  glacial  lake  is  defined  as  a  body  of  static  water  existing  by  virtue 
of  a  barrier  of  glacial  ice.  It  will  be  evident  upon  slight  reflection  that 
such  impounded  waters  can  exist  (1)  where  a  glacier  blocks  a  stream 
channel,  or  (2)  where  the  general  land  surface  inclines  toward  the  gla- 
cier foot.  Lakes  of  the  first  class  have  been  described  in  Pennsylvania 
by  I.  C.  White,  in  the  Monongahela  valley,*  and  by  E,  H.  Williams,  in 
the  Lehigh  valley  f  and  the  Susquehanna  valley.  J 

All  the*  lakes  described  in  this  paper  belong  to  the  second  class.  They 
were  formed  in  the  southern  part  of  the  Ontario  basin,  where  the  land 
slopes  northward  from  a  plateau  of  2,000  feet  elevation  down  to  lake 
Ontario,  246  feet.  The  high  plateau  was  deei)ly  gashed  by  the  pregla- 
cial  stream  erosion,  and  in  these  trenches  along  the  northern  border  of 
the  plateau  lie  the  present  "  Finger  "  lakes.  The  topography  was  pecu- 
liarly favorable  to  the  i)roduction  against  the  bold  ice-front  of  a  series 
of  distinct  valley  lakes,  in  many  respects  unequaled  elsewhere. 

The  preglacial  drainage  of  the  region  was  northward  and  the  heiids 
of  the  rivers  were  probably  much  farther  south  than  those  of  the  present 
streams,  perhaps  even  in  Pennsylvania,  like  the  present  Genesee  river. 
Theoretically,  the  oncoming  ice-sheet  met' and  blockaded  the  preglacial 
rivers  and  impounded  their  waters  in  the  north-sloping  valleys.  The 
phenomena  of  those  early  glacial  lakes  caused  by  the  advance  of  the 
glacier  have  been  so  destroyed  or  obscured  by  the  overriding  of  the  ice 
and  by  its  debris  that  no  certain  evidences  have  yet  been  distinguished. 
We  have  therefore  for  our  objective  study  only  the  lakes,  far  later  in 
time,  produced  in  the  same  valleys  by  the  damming  action  of  the  ice- 
front  in  its  retreat  back  to  the  north. 

According  to  size  and  importance,  the  glacial  waters  which  we  have  to 
consider  may  be  divided  into  three  groups :  (1)  Primitive  and  s^nalkr 


♦  Origin  of  the  High  Terrace  Deposits  of  the  Monongahela  River.  Am.  <JeologJst,  vol.  xix,  p.  .368, 
Dec,  1896. 

t  Ex  tram  oral  nio  Drift  between  tlie  I>ela\v«re  and  the  .Scliuylkill.  Bulletin  of  thin  Soeiety,  vol.  .'>. 
p.  -280,  March,  1894. 

J^'otep  on  the  Southern  Ice  Limits  in  Enstern  Pennsylvania.  Am.  Jour.  Sci.,  vol.  xlix,  p.  l«.\ 
March,  18»5. 
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local  lakes.     As  the  ice- front  slowly  receded  northward  beyond  the  divide 
in  any  section,  numerous  lakelets  were})roduced  between  the  dissolving 
ice-front  and  the  northward-facing  land  surface.     Most  of  these  were 
evanescent  and  have  left  slight  traces.     Some  of  them,  at  the  heads  of 
valleys,  enlarged  with  the  ice  removal  and  may  have  existed  long  enough 
to  produce  outlet  channels  and  other  phenomena  characteristic  of  stand- 
i  ng  water,  but  not  beach  forms,  which  require  considerable  breadth,  depth, 
a.n(l  permanence  of  the  water  body.     (2)  Larger  local  lakes.     The  greater 
north-sloping  valleys  were  occupied  by  lakes  of  large  size.     Each  of  the 
|)re8ent  lakes  collectively  known  as  the  ''Finger"  lakes  was  preceded 
l)y  a  much  larger  and  deeper  glacial  lake,  the  surface  being  held  up  to 
the  level  of  some  outlet  leading  directly  or  indirectly  southward.  -  Similar 
lakes  also  existed  in  some  valleys  in  which  no  water  is  ponded  today. 
Some  of  these  larger  glacial  lakes  had  a  varied  history  and  intricate  re- 
lationships with  their  neighbors.     The  most  complex  and  romantic  lake- 
lustory  belongs  to  the  valley  of  the  Genesee  (see  page  34).     All  of  these 
lakes  were  destroyed  by  draining  to  the  level  of  adjacent  lakes  or  to  the 
invading  waters  of  the  next  group.    (3)  Pre- Laureniian  lakes.    The  same 
agency  which  interfered  with  the  free  dfainage  of  the  New  York  valleys 
also  blocked  the  flow  in  the  great  basins  of  the  Saint  Lawrence  system. 
For  a  time  separate  waters  were  held  in  the  southern  or  western  ends  of 
.Superior,  Michigan,  and  Erie  basins,  known  respectively  as  the  Duluth, 
Chicago,  and  Maumee  glacial  lakes.*    Their  ultimate  overflow  was  into 
the  Mississippi.     With  further  removal  of  the  ice-front,  the  Duluth  and 
Maumee  lakes  were  made  tributary  to  or  lost  in  lake  Chicago,  as  this  had 
tlie  lowest  outlet.     The  water  in  the  Erie  basin,  succeeding  lake  Maumee, 
invaded  the  Ontario  basin  and  our  district  of  study  as  the  glacial  retreat 
permitted.     This  water  is  called  lake  Warren,  and  is  believed  to  have 
covered  all  of  the  Erie  basin,  the  lower  part  of  Huron  basin,  and  the 
southern  and  western  j)art  of  Ontario  basin.     Its  level  in  central  New 
York  is  now  lifted  by  the  tilting  of  the  land  surface  to  about  880  feet. 
The  local  lakes  in  New  York  were  blended  and  lost  in  the  eastward  creep- 
ing Warren  waters,  which  retained  their  westward  outlet  via  lake  Chicago 
to  the  Mississippi  until  the  removal  of  the  glacier  from  the  high  ground 
near  Syracuse  permitted  a  lower  escai)e  to  the  Mohawk-Hudson  valley. 
When  the  eastward  outlet  of  the  Ontario  basin  was  established  at  the 
lowest  point,  at  Rome,  New  York,  lake  Iroquois  came  into  existence. 
From  the  plane  of  lake  Warren  down  to  that  of  lake  Iroquois  was  about 
500  feet,  and  the  lowering  of  the  waters,  which  required  probably  many 

•Description  of  tlie  jelaoinl  lako  phenomenu  <}f  tlic  Laurontinn  basins  will  l>e  found  in  the  writ 
injs?  of  F.  B.  Taylor,  Warren  rptuun,  ii.  K.  (Jilbert,  ,1,  W.  Spencer,  Frank  Leverett,  and  others, 
chiefly  in  this  publication,  in  the  American  Geologist,  and  in  the  American  Journal  of  Science. 
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centuries,  was  by  a  series  of  leaps  as  the  ice  retreat  opened  lower  paj^st^. 
One  lonjj;  pause  was  established  by  a  rock  channel  at  Marcellus,  wliith 
held  a  water-level  herein  named  lake  Dana  (see  page  r)()). 

Such  is  the  dramatic  history,  in  epitome,  of  the  jjlaciai  waters  in  (an- 
tral New  York.    The  remainder  of  this  paper  is  mainly  a  record  of  the  o'- 
served  facts,  with  only  as  much  statement  of  theory  and  interpretation  a- 
is  necessary  to  show  the  significance  and  relationship  of  the  phenomena. 

Enumeration  of  thk  Ix)cal  LAKh:s 

Xame  of  presi^nt  Luke  or  Stream  Name  of  Glacial  Lake 

1.  Tonawatida  creek Johnsonhiir^,  Attica,  and  Alexaiuler. 

2.  Oatka  creek Wai'Haw,  two  phases. 

3.  Genesee  river. .    . .   Sevenil  successive  lakes. 

4.  Canaseraga  creek Dansville. 

5.  (^onesus  lake Scottsbtirjif. 

6.  Hemlock  lake Springwater,  two  phases. 

7.  Oanadice  lake (tlacial  Canadice. 

8.  Honeoye  lake (ilacial  Honeoye. 

9.  Bristol  (Mud  Creek)  valley T...  Bristol. 

10.  Canandai^ua  lake Naples  and  Naples- Middlesex. 

1 1.  Flint  creek Italy  and  Potter. 

1 2.  Keuka  lake Haniniondsport,  two  phases. 

1 3.  Seneca  lake Watkins  and  Newhern*. 

14.  Cayujra  lake Ithaca  and  Newberry. 

15.  Owasco  lake Groton  and  Momvia. 

16.  Skaneateles  lake Glacial  Skaneateles. 

17.  Otisco  lake Glacial  Otisco,  Marietta,  and  Marcellu.^. 

18.  Onondaga  creek Carditt"  (Tully  Valley ),* South  Ononda^^'H, 

and  Onondaga  valley. 

19.  Butternut  creek liuttornut,  three  (?)  phases,  and  Glacial 

JameKville. 

ToXAWANHA    VaLLKY 

Helow  Attica,  or  northward,  toward  Hatavia  the  valley  bottom  i.s  :i 
broad  plain  with  low  walls,  declining?  100  feet  in  tlie  10  miles  to  Batavia. 
Southward  the  vall*ey  is  narrow,  with  high  steep  borders,  like  the  other 
north  and  south  valleys  of  western  and  central  New  York.  Up  the  val- 
ley eic;ht  miles  lies  the  village  of  Varysburg,  and  two  miles  farther  John- 
sonburg.  Two  miles  farther  south  the  valley  is  wholly  obstructed  with 
morainal  drift,  and  becomes  indefinite,  although  the  creek  heads  several 
miles  still  farther  south. 

In  the  section  of  Johnsonburg  and  Varysburg  tliree  water-levels  are 
visible  near  stream  deltas.     The  highest  one  has  an  estimated  elevation 


TONAWANDA    AND   OATKA    VALLEYS  33 

of  about  1,425  feet,  the  middle  one  about  1,300  feet,  or  about  the  same 
as  Johnsonburg  railroad  stiition.  The  lowest  one  is  near  the  valley 
bottom  and  bears  the  village  of  Johnsonburg,  but  is  a  little  higher  than 
Varysburg,  two  miles  north. 

The  highest  water  plane  correlates  with  a  swamp  col,  an  abandoned 
outlet  on  the  western  valley  border,  about  two  miles  south  of  Johnson- 
burg and  close  to  the  flag  station  called  Perrys.  The  Buffalo,  Attica  and 
Arcade  railroad  crosses  the  swamp  a  few  rods  east  of  the  highest  part. 
The  channel  leads  west  to  Buffalo  creek  and  the  Erie  basin.  The  height 
of  this  col  is  estimated  at  1,410  feet.  The  lake  held  at  this  highest  level 
should  be  known  as  the  Johnsonburg  lake.  The  outlets  correlating  with 
the  two  lower  water-levels  are  unknown.  They  are  probably  on  the 
western  border.  Probably  the  water  of  the  middle  level  would  cover 
the  site  of  Attica  and  should  bear  the  name  of  Attica  lake,  which  was 
applied  hypothetically  to  all  the  glacial  water  of  this  valley  in  the  earlier 
published  paper.  In  that  case  the  waters  impounded  in  the  lower  part 
of  the  valley  and  having  the  lowest  level  might  be  appropriately  called 
the  Alexander  lake.  The  Attica  lake  received  for  a  time  the  overflow  of 
the  Warsaw  lake  from  the  east. 

Oatka  Vallky 

The  upper  half  of  Oatka  (Allen)  creek  lies  in  a  typical  preglacial 
valley  commonly  known  as  the  Warsaw  valle}'.  With  its  steep  ice- 
moulded  slopes,  its  north  and  south  direction,  and  its  heading  abruptly 
in  a  moraine,  it  is  characteristic  of  those  in  western  and  central  New  York 
which  held  glacial  waters.  In  several  features  it  is  the  counterpart  of 
the  Dansville  valley. 

A  few  miles  above  Warsaw  the  valley  ends  abruptly  in  a  moraine  filling 
which  is  the  northern  edge  of  a  broad  belt  of  moraine  drift  traversing  50 
miles  of  this  section  of  the  State.  Excellent  views  of  the  valley,  the  mo- 
raine, and  the  glacial  lake  outlet  are  given  by  two  lines  of  railroad.  The 
Buffalo,  Rochester  and  Pittsburg  traverses,  upon  the  east  side,  the  whole 
length  of  the  valley.  The  Buffalo  division  of  the  Erie  passes  through 
the  head  of  the  valley,  entering  from  the  south  by  the  primitive  outlet 
of  the  glacialwaters,  and  leaving  the  valley,  northwest  of  Warsaw,  by  the 
second  or  lower  outlet.  The  Buffalo,  Rochester  and  Pittsl)urg  railroad 
crosses  the  Erie  and  the  higher  outlet  by  a  trestle  at  the  head  of  the  chan- 
nel. This  ancient  river  bed  is  15  to  20  rods  in  width  and  of  good  charac- 
ter, although  somewhat  obstructed  by  the  cuttings  and  fillings  of  the  two 
railroads.  About  a  mile  from  the  col  the  channel  passes  through  the  vil- 
lage of  Silver  Springs  and  leads  southeast  past  Castile  to  the  Genesee  river. 
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The  elevation  of  the  head  of  the  channel,  according  to  the  old  profile 
of  the  Erie  railroad,  is  about  1,400  feet.  Near  Rock  Glen,  a  mile  north- 
ward, at  the  head  of  the  open  valley,  the  drift  is  terraced  at  an  elevation 
about  15  feet  higher  than  the  channel  bottom.  This  water-plane  shows 
well  from  the  valley  northward,  and  glimpses  of  it  may  be  had  from  the 
trains  on  the  Erie  railroad.  The  high-level  waters  are  called  the  Warsaw 
lake.  These,  however,  did  not  long  survive  nor  cover  a  large  area,  as  with 
the  recession  of  the  ice  barrier  the  water  soon  found  a  lower  outlet  north- 
westward across  the  western  border  northwest  of  Warsaw.  This  notch 
in  the  valley  rim,  utilized,  as  stated  above,  by  the  Erie  railroad,  leads  to  a 
small,  north-sloping  valley  in  which  lie  the  villages  of  Dale  and  Linden- 
The  elevation  of  this  outlet  is  not  closeh'  determined,  but  by  Erie  datum 
it  is  not  far  from  1,800  feet. 

With  the  first  opening  of  this  western  pass  the  Dale-Linden  valle}'  vva.s 
only  flooded  by  the  Warsaw  high-level  water,  and  it  was  a  gulf  of  the 
Warsaw  lake.  With  further  recession  of  the  ice-foot  the  ridge  of  land 
separating  these  waters  from  the  Tonawanda  valley  on  the  west  was  un- 
covered and  the  lowering  of  the  water-level  finally  made  the  second  out- 
let effective.  No  good  distinctive  name  is  available  for  this  second  and 
lower  level,  and  we  may  call  it  the  second  phase  of  the  Warsaw  lake. 
It  was  really  a  distinct  lake,  for  while  the  water  by  the  Silver  Springs  outlet 
found  escape  to  the  Genesee  lakes  and  into  the  Susquehanna  drainage, 
that  by  the  Dale- Linden  outlet  was  tributary  to  the  Attica  lake  and  ulti- 
mately to  the  great  lake  Warren  and  Mississipi)i  drainage.  Some  traces 
of  the  work  of  these  second  phase  waters  are  visible  on  the  valley  slopes 
where  the  land  streams  dropped  their  detritus. 

The  Warsaw  lake  was  eventually  destroyed  by  the  removal  of  the  ice 
barrier  on  the  eastern  border,  and  the  lacustrine  history  of  the  lower  or 
northern  part  of  the  valley  blends  with  that  of  the  seventh  stage  of  the 
Genesee  glacial  waters. 

Geneske  Valley 

The  lacustrine  history  of  the  Genesee  valley  is  remarkable,  complex, 
and  truly  romantic.  Reaching  from  Pennsylvania  northward  entirely 
across  New  York  State  and  sloping  from  over  2,000  feet  elevation  down 
to  Ontario  level  (246  feet),  the  valley  held  waters  at  many  different 
levels  as  the  ice  barrier  uncovered  successively  lower  outlets  on  either 
side.  The  waters  at  various  stages  flowed  into  diflerent  drainage  sys- 
tems, east  and  west.  At  least  ten  stages  are  recognized  of  the  Genesee 
glacial  waters.  In  a  separate  article  this  valley  and  its  lakes  have  been 
treated  at  length  (see  reference  on  page  28).     In  one  point  an  addition 
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is  to  be  made  to  the  former  description.  At  least  one  stage  of  the  hyper- 
Iroquois  waters  has  been  recognized  in  the  Genesee  valley  (see  page  57). 
In  the  enumeration  of  the  Genesee  lakes  this  should  be  inserted  after 
lake  Warren  as  the  ninth  stage  watera  and  called  lake  Dana. 

Canaseraga  Valley 

For  the  description  of  the  glacial  waters  of  this  valley  see  the  former 
paper,  "  Glacial  lakes  of  western  New  York,"  page  358. 

CoNEsus  Valley 

For  the  description  of  the  glacial  waters  in  this  valley  see  the  former 
paper,  "  (ilacial  lakes  of  western  New  York,  }>age  360. 

Hemlock  Valley 

Hemlock  lake,  the  source  of  Rochester's  water  supply,  is  the  successor 
of  the  ancient  lake.  The  village  of  Springwater  lies  two  and  one-half 
miles  south  of  the  head  of  the  lake  and  not  far  above  its  level.  The 
side  walls  of  the  valley  rise  800  to  900  feet  above  the  lake,  which  has  an 
elevation  of  896  feet  above  tide,  with  the  steep  smooth  slope  character- 
istic of  the  ice-moulded  valleys  of  the  Finjj:er  lakes  region.  At  the 
level  of  the  former  glacial  lake  surface  the  valley  has  a  width  of  about 
one  mile. 

The  only  stream  of  note  in  the  valley  is  the  inlet  creek,  which  has  its 
origin  near  the  divide,  about  one  mile  north  of  the  village  of  Wayland. 
Some  wet-weather  streams  along  the  sides  of  the  valley  have  left  incon- 
spicuous deltas. 

The  moraine  in  the  head  of  the  valley  extends  from  Springwater  to 
Wayland,  a  distance  of  about  four  and  a  half  miles.  At  the  divide  the 
drift  is  mainly  gravel,  although  the  topography  is  typically  morainal. 
The  water  parting  is  near  the  east-and-west  town-line  road,  nearly  one 
mile  north  of  Wayland,  with  an  altitude  of  about  1,400  feet,  taking  the 
Erie  railroad  at  Wayland  as  1,387.  The  surface  here  is  irregular,  with 
kettles  and  small  swamps.  There  is  no  swamp  col  and  the  water  chan- 
nels are  narrow  and  tortuous,  opening  through  Wayland  into  the  broad 
channel  south  of  the  village  where  the  Cohocton  creek  has  its  source. 
The  later  and  more  important  outlet  is  on  the  west  side  of  the  valley. 

An  interesting  feature  of  the  Wayland  locality  is  the  extensive  plain 
immediately  .south.  This  is  one  mile  wide  and  extends  southeastward 
from  Perkinsville,  several  miles  beyond  Wayland.  Much  of  the  surface 
is  underlaid  with  marl,  which  furnishes  the  basis  of  the  famous  Wayland 

VI— Bull.  Gkol.  Soc.  Am.,  Vol.  10,  1898 
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cement.  The  divide  lies  about  one-half  mile  west  of  Wayland.  where 
the  waters  of  the  marsh  find  their  way  to  either  the  Dansville  or  tht* 
Cohocton  vallevs. 

The  second  outlet  of  the  glacial  Springwater  lake  was  northwestwani 
by  a  notch  in  the  west  wall  of  the  valley,  about  one  mile  south  of  Web- 
sters  station,  on  the  Erie  railroad,  and  two  miles  north  of  the  Springwater 
station.  Here  is  a  good  swamp  col,  about  one-fourth  of  a  mile  wide, 
with  a  capacious  channel  leading  northwest  to  the  Conesus  valle^^  The 
elevation  of  the  col  is  about  1,850  feet.  The  Erie  railroad  follows  thi^ 
ancient  waterway  from  Conesus  station  to  near  Springwater.  During 
this  second  phase  of  the  Springwater  lake  its  waters  were  tributary  t4> 
the  Genesee  lakes  and  they  flooded  the  C'anadice  valley  on  the  east. 
The  correlation  of  the  water-levels  with  this  outlet  and  the  subsequent 
lake  history  have  not  been  studied. 

It  may  be  noted  that  the  physical  features  and  lake  history  of  this 
valley  are  similar  to  those  of  the  Warsaw  valley  ;  also  that  the  two 
phases  of  waters  are  really  distinct  lakes  with  different  drainage,  the 
earlier  higher  lake  draining  south  into  the  Cohocton  creek  and  Susque- 
hanna system,  while  the  second  and  larger  lake  poured  its  surplus  water 
westward  into  the  Conesus  valley  and  the  Genesee  lakes,  although  this 
ultimatfely  also  found  its  way  into  the  Susquehanna. 

Canadice  Valley 

The  Canadice  valley  lies  immediately  east  of  the  Hemlock  valle}^  and 
at  a  higher  level.  While  Hemlock  lake  has  an  elevation  of  89G  feet,  Cana- 
dice lake  is  1,092  feet.  The  dimensions  are  also  much  less.  The  head 
of  the  Canadice  valley  is  nearly  on  the  parallel  of  the  head  of  Hemlock 
lake  and  about  three-fourths  of  a  mile  east,  and  the  valley  opens  broadly 
into  or  blends  with  the  Hemlock  valley.  The  divide  between  the  two 
has  an  elevation  of  about  1,200  feet.  As  this  is  150  feet  lower  than  the 
outlet  of  the  Hemlock  Valley  glacial  waters  (Springwater  lake),  the  glacial 
Canadice  must  have  been,  in  the  earlier  stage,  simply  an  arm  or  gulf  of 
the  former  water. 

With  sufficient  retreat  of  the  ice- front  it  seems  likelv  that  the  Canadice 
waters  became  isolated  for  a  short  time  with  escape  across  the  valley 
border;  but  the  phenomena  have  not  been  studied  at  the  time  of  this 
writing. 

HoNEOYE  Valley 

Honeoye  lake  occupies  the  bottom  of  a  narrow,  long,  and  deep  norlh- 
and -south  valley.     The  head  of  the  valley  is  about  three  miles  west  of 


HONKOYK,    BRISTOL,    AND    CANANDAKiUA    VALLEYS  37 

Naples  village.  The  divide  is  on  land  of  Henry  Rathbun,  two  and  one- 
half  miles  from  Naples  and  seven  miles  from  the  head  of  the  lake.  The 
water  parting  is  a  long  narrow  swamp  col  from  which  a  good  channel 
leads  eastward  to  Naples.  The  elevation  of  the  col  is  somewhat  under 
1,200  feet.  During  the  earlier  and  higher  phase  of  the  Naples  lake 
(glacial  Canandaigua)  *  its  waters  flooded  the  Iloneoye  valley,  which 
lield  consequently  only  a  western  arm  of  the  Naples  lake.  The  glacial 
Iloneoye  came  into  separate  existence  when  the  Naples  lake  was  drained 
to  a  lower  level  by  its  eastern  outlet  toward  the  Flint  Creek  valley  (see 
description  on  next  page),  this  second  outlet  having  an  original  elevation 
probably  over  1,150  feet,  but  reduced  subsequently  by  down  cutting.  A 
conspicuous  delta  west  of  Naples  village  was  built  by  the  Honeoye  outlet 
stream,  assisted  by  the  West  Hollow  creek.  No  study  has  been  made 
of  the  water-levels  in  the  Honeoye  valley  or  of  its  later  lake  history. 

Bristol  (Mud  Ckekk)  Valley 

The  deep  Bristol  valley,  which  carries  the  upper  waters  of  Mud  creek 
lies  between  the  Honeoye  and  Canandaigua  valleys.  The  head  of  the 
main  valley  is  at  South  Bristol,  where  it  divides  into  two  valleys,  one 
leading  southwest  and  heading  in  a  moraine  divide  with  elevation  of 
about  1,GOO  feet,  the  other  leading  southeast  to  a  divide  w4th  elevation 
of  about  1,290  feet,  one  mile  north  of  Bristol  Springs.  This  lower  divide 
was  never  the  passage  for  any  stream  of  water,  but  was  low  enough  to 
permit  the  higher  waters  of  the  Naples  lake  to  flood  the  Bristol  valley. 

Canandaigua  Valley 

The  lacustrine  phenomena  at  the  head  of  the  Canandaigua  valley  were 
described  in  some  detail  in  the  earlier  paper.  The  glacial  water,  Naples 
lake,  had  a  i)rimitive  elevation  something  over  1,350  feet.  Its  outlet 
was  southward  to  Susquehanna  drainage  through  a  well  formed  channel 
near  Atlanta  railroad  station,  which  has  an  elevation  of  about  1,340 
feet.  No  corrections  are  here  required,  but  a  clearer  interpretation  of 
certain  water-levels  is  given  by  the  recent  discovery  of  an  outlet  chan- 
nel lower  than  the  primitive  one  south  toward  Atlanta  in  the  Cohocton 
valley.  In  the  former  description  of  deltas  at  Naples  several  well  de- 
veloped water-levels  were  described  which  did  not  correlate  with  the 
sui)erior  Atlanta  outlet,  and  yet  were  fiir  above  the  hypothetical  New- 
berry plane.  The  explanation  has  been  found  in  a  channel  cut  by  the 
escaping  waters  across  the  north  and  south  ridge  between  the  West  River 

*S«e  former  article.  Bull.  Geol.  8oc.  Am.,  vol.  6,  pp.  :i61-3f4. 
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(Middlesex)  and  Flint  Creek  valley's,  and  which  drained  the  Naples  lake 
eastward  into  the  Keuka  valle}'.  This  channel  is  a  fine  example  of  the 
excavations  produced  by  the  ice-dammed  waters  in  their  escape  over 
low  places  uncovered  by  the  receding  ice-foot.  It  is  a  nearly  straight 
rock  cut,  about  one  mile  long  and  100  feet  deep,  partly  in  Hamilton 
shales.  It  heads  about  one  and  one-half  miles  northeast  of  Middlesex 
village,  near  the  east  edge  of  a  swamp  col.  A  north  and  south  road 
crosses  near  the  head  of  the  channel.  The  bottom  of  the  channel  is 
about  100  feet  wide,  flat,  smooth,  and  swampy,  with  uniform  gentle  grade, 
falling  perhaps  30  feet  in  the  total  length.  The  channel  now  carries  no 
stream.  The  elevation  of  the  col  is  not  accurately  determined,  but  is 
probably  over  1,150  feet.  The  lower  end  of  the  channel  is  one  mile 
northwest  of  Potter  village,  on  the  west  side  of  Flint  Creek  valley.  Here 
the  ancient  stream  which  cut  the  channel  piled  the  debris  into  a  large 
delta  in  the  expanded  waters  of  the  Hammondsport  glacial  lake.  This 
delta  is  further  described  below  (see  next  page). 

With  the  opening  of  this  outlet  and  the  down-cutting  of  the  channel 
the  Naples  waters  were  so  lowered  that  the  Honeoye  waters  became  a 
separate  lake,  tributary  to  Naples,  and  the  delta  west  of  Naples  village 
was  formed  with  strong  terraces  correlating  with  the  Potter  outlet.  The 
waters  of  the  Middlesex  valley,  which  joins  the  Canandaigua  valley 
southward,  always  remained  an  eastern  arm  of  the  Canandaigua  waters. 

This  lower  water  body,  with  outlet  at  Potter  to  Keuka  Valley  waters, 
ought,  strictly,  to  have  a  separate  name.  It  was  not  really  the  Naples 
lake  which  overflowed  at  a  higher  level  to  the  Cohocton  river  directly 
into  southern  drainage.  In  order  to  preserve  the  association  we  will 
call  it  the  Naples-Middlesex  lake. 

The  Newberry  waters  never  existed  in  the  Canandaigua  valley  (see 
l)age  43). 

The  Warren  waters  have  left  evidences  about  the  shores  in  the  form 
of  delta  terraces  at  elevations  about  880  feet.  A  good  beach  of  the  War- 
ren waters  nuiy  be  seen  about  one  mile  west  of  Reeds  Corners,  along  the 
west  side  of  the  Canandaigua  road,  opposite  the  house  of  Mrs  Gates  and 
beneath  the  house  of  Mrs  R.  V.  Henry.  The  elevation  is  about  880 
feet. 

Flint  Creek  Valley 

The  Flint  Creek  valley,  lying  between  Canandaigua  and  Seneca  val- 
leys, impounds  no  lake  at 'present,  but  its  features  and  history  are  sim- 
ilar to  tliose  of  the  Finger  lakes  valleys.  The  north  end  of  the  valley  is 
at  Gorham  village,  partially  blocked  by  moraine  drift.  From  here  south- 
ward to  Potter,  about  8  miles,  the  valley  bottom  is  occupied  by  a  cedar 
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swamp,  which  may  have  been  produced  by  the  filling  of  a  shallow  mo- 
ral nal  lake.  At  Potter  the  valley  bifurcates,  the  larger  and  more  direct 
branch  leading  nearly  south  and  joining  the  Branchport  arm  of  the 
Keuka  valley.  The  col  between  these  valleys  is  one  mile  south  of  Friend 
postofiice,  with  an  altitude  not  closely  determined,  but  of  about  1,00() 
feet.  A  scattering  kame-moraine  stretches  for  three  miles  north  of  the  col- 
Thii  col  is  a  swampy  flat,  but  no  good  channel  leads  from  it. 

The  southwest  arm  of  the  valley,  known  as  Italy  hollow,  is  a  loJig, 
narrow,  winding  valley,  which  holds  the  headwaters  of  Flint  creek.  The 
divide  at  the  head  of  the  valley  is  over  1,500  feet  elevation  and  only 
some  two  or  three  miles  from  Naples. 

There  seems  no  escape  from  the  conclusion  that  the  Italy  branch  of 
tlie  valley  must  have  held  for  a  time  a  deep  local  glacial  lake,  with  its 
outlet  into  the  Naples  lake  at  the  highest  level  of  the  latter.  We  will 
call  this  the  Italy  lake.  A  well  defined  channel  leads  from  the  col,  but 
soon  descends  rajiidly  as  a  ravine  and  bisects  the  ancient  delta,  situated 
southeast  of  Naples  village.  The  latter  was  named  in  the  former  jiaper 
the  Tannery  Glen  delta.  The  broad  summit  level  of  this  delta  has  an 
aneroid  altitude  of  about  1,370  feet,  which  correlates  with  the  Naples 
lake  at  the  highest  level. 

When  the  ice-front  receded  so  as  to  uncover  the  junction  of  the  two 
valleys' at  Potter,  the  Italy  lake  was  lowered  into  some  other  water. 
There  are  reasons  for  thinking  tliat  its  successor  was  the  extended  Ham- 
mondsport  lake.  The  Flint  (<reek  valley  received  for  a  time  the  over- 
flow of  the  Naples- Middlesex  lake,  and  the  channel  cut  by  the  draining 
stream,  described  above  (see  page  38),  piled  the  debris  derived  from  the 
gorge  excavation  in  a  large  and  conspicuous  delta  close  to  Potter  vil- 
lage.* The  summit  plateau  of  the  delta  has  an  elevation  of  about  1,150 
feet.  This  is  150  feet  over  the  col  at  Friend  and  correlates  with  the 
level  of  the  higher  waters  in  the  Keuka  valley  (see  next  page). 

The  only  objection  to  supposing  that  the  Hammondsport  lake  ex- 
tended north  into  the  Potter  section  of  the  Flint  Creek  valley  is  the  fact 
that  the  present  outlet  of  Keuka  lake,  at  Penn  Yan,  into  Seneca  lake,  is 
farther  south  than  Potter.  But  it  should  be  understood  that  the  north- 
ern end  of  the  Keuka  valley  is  contiguous  to,  and  indeed  blends  with, 
the  larger  Seneca  valley,  and  that  hedvy  lobes  of  the  ice-sheet  lingered 
in  the  larger,  deeper  valleys  of  Seneca  and  Cayuga.  It  seems  likely  that 
the  ice  blocked  the  present  Keuka  outlet  long  after  the  ice  was  removed 
from  the  latitude  of  Potter.     In  no  other  way  does  it  seem  possible  to 

•This  delta,  with  an  inter*'«tiiiK  ki'ttle,  whirh  it  inehulej*,  is  made  the  siibjtM't  of  u  scpiirutc 
l'a|)«?r,  Kettleti  in  <>Iacial  Luke  l»eItaM.    Juunial  of  (iooloKy,  vol.  vi,  p.  itH9. ' 
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hold  the  waters  at  Potter  above  1,000  feet,  the  approximate  height  of 
the  col  at  Friend. 

The  lower  and  main  terrace  of  the  Potter  delta,  with  an  aneroid  ele- 
vation of  1,080  feet,  does  not  correspond  to  any  prominent  water-level  in 
the  Keuka  valley,  but  with  accurate  leveling  and  allowance  for  tlie  dif- 
ferential uplift  may  be  found  to  correlate  with  the  col  at  Friend.  Thi.s 
lower  Flint  Creek  Vallev  water  sliould  be  called  the  Potter  lake. 

Kkuka  Vallky 

Since  publication  of  the  former  description  of  the  Hamniondsi)orl 
lake,  with  its  outlet  south  through  Bath,  fuller  study  of  the  region  and 
the  shorelines  has  brought  to  light  new  and  interesting  facts.  The  lake 
history  of  the  valley  is  similar  to  that  of  the  Canandaigua  valley  in  re- 
spect to  a  second  and  east-side  outlet  and  two  stages  of  the  local  water?. 
This  later  channel  passes  through  the  village  of  Wayne,  about  two  miles 
southeast  of  Keuka  village  and  a  less  distance  east  of  the  present  lake. 
It  is  apparently  wholly  in  drift,  but  the  channel  features  are  well  pre- 
served. The  col  is  immediately  south  of  the  Wayne  cemetery,  the  alti- 
tude being,  as  measured  by  a  recent  survey  for  an  electric  railroad,  1,1 1<> 
feet,  Keuka  lake  surface  being  taken  as  709.  The  definite  channel  heads 
about  GO  rods  below  the  cemetery,  leads  southeast  through  the  western 
edge  of  Wayne  village,  and  enters  lake  Wanetta,  the  whole  length  being 
less  than  a  mile.  The  width  of  the  channel  at  bottom  is  about  150  feet. 
The  grade  is  gentle  and  cutting  was  not  great  as  the  chain  of  lakes  in 
the  valley  south  of  Wayne,  established  a  local  baselevel  and  gave  a  check 
to  erosion.  The  ultimate  outlet  was  into  the  Cohocton  river,  the  same  :is 
the  earlier  outlet  at  Bath. 

On  the  eastern  slope  of  the  Keuka  valley,  something  over  a  mile 
east  of  Cirove  Spring  and  about  one  and  one-half  miles  west  of  Wayne 
vilhi<]je,  two  distinct  shorelines  have  been  traced  for  one- fourth  of  a  nnle. 
curving  around  the  north-facing  hill.  These  cross  the  east  and  west  road 
diagonally,  and  are  most  distinct  south  of  the  road,  on  land  of  Mr  Ezra 
Nickerson.  They  appear  as  beach  ridges  in  front  of  wave-cut  cliffs,  and 
are  composed  of  the  triturated  and  decomposed  shale  of  the  hill. 

The  lower  of  these  beaches  or  bars  was  found  by  spirit-level  to  have 
the  same  elevation  as  the  head  of  the  Wa3Mie  channel.  The  other  ridge 
is  HO  feet  higher  and  is  somewhat  stronger  and  better  defined. 

The  present  difference  in  elevation  between  the  Bath  outlet  and  tliir^ 
later,  east-side,  Wayne  outlet  is  not  over  10  feet,  according  to  the  rail- 
road surveys.  However,  the  differential  uplift  between  the  two  points 
must  be  20  feet  or  more.     The  higher  of  the  two  Grove  Spring  beachft? 
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is  thought  to  correlate  with  the  Bath  outlet  and  to  liave  heen  formed 
(luring  seasons  of  high  water  before  the  Wayne  outlet  was  cut  and  low- 
ered sufficiently  to  carry  all  the  overflow. 

The  ancient  land  stream  deltas  are  excellently  displayed  upon  the 
.slopes  of  the  Keuka  valley,  and  the  elevation  of  benches  have  been  meas- 
ured by  aneroid  at  Hammondsport  and  Urbana  upon  the  west  side  and 
at  Eglestons  glen  upon  the  east  side.  The  terraces  about  the  southern 
end  of  the  valley  correspond  closely  and  fall  into  four  distinct  levels, 
which  may  be  generalized  as  follows,  taking  the  lake  surface  as  709  feet 
in  August,  1897: 

Summit  plateaus  in  south  end  of  valley 1,145  zb  feet. 

Higher  gravel  ridgea  and  bai"8 1,115  to  1,140    ** 

Main  terraces 950  to     905    " 

Lower  terraces 825  to     866     *' 

The  1,145  zt  plateaus  are  found  only  iivthe  upper  end  of  the  valley 
and  correlate  with  the  Bath  outlet,  making  allowance  for  difierential 
uplift.  .Somewhat  lower  are  found  the  embankments  and  frontal  bars 
on  terraces  which  mark  the  later  level  of  the  waters  with  the  Wavne 
outlet.  These  correlate  with  the  lower  beach  on  the  slope  back  of  Grove 
Spring. 

The  main  terraces  are  clearly  those  of  the  Newberry  waters,  which,  to 
jiidjxe  by  the  relative  development  of  the  benches,  must  have  existed 
lontjer  in  the  valley  than  the  earlier  lakes;  the  lower  terraces  as  those 
of  the  Warren  waters. 

Sknkca  Valley 

The  topographic  features  of  this  central  valley  of  the  Finger  lakes  were 
described  in  the  former  paj)er  with  an  account  of  the  lacustrine  phe- 
nomena at  Horseheads  and  Watkins.  It  is  now  desirable  to  record  with 
more  detiiil  tiie  shore  phenomena  and  to  determine  the  lake  succession 
in  this  most  important  valley  of  the  central  New  York  serines. 

SOl'TH  EXD  OF  SENECA    VALLEY 

No  observations  are  to  be  added  to  the  description  of  the  Watkins- 
Newberry  outlet  at  Horseheads,  but  shoreline  phenomena  have  been 
studied  at  Montour  Falls  (Havana),  in  the  southern  i)art  of  the  valley. 
This  is  the  most  southerly  point  at  which  any  observations  have  been 
made  of  glacial  lake  shorelines  in  New  York. 

On  the  western  slope  of  the  valley,  above  the  village  and  on  the 
north  side  of  the  ravine,  occur  gravel  bars  of  the  Watkins  and  Newberry 
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waters.  The  higher  one  is  of  good  form,  direction  northeast-southwest, 
with  an  elevation  (aneroid)  of  950  fe(*t.  Ten  feet  lower  are  three  short 
hars  of  clean,  fine  gravel. 

On  the  south  side  of  the  same  ravine  occurs  an  excellent  bar  of  lake 
Warren.  It  is  a  strong  ridge,  of  good  form  and  clear  gravel,  which  entere 
the  village  cemetery  at  the  upper  or  northwest  corner,  with  direi^tion 
northwest-southeast  and  elevation  of  840  feet. 

On  the  east^  side  of  the  valley,  southeast  of  Montour  Falls,  are  excel- 
lent beaches,  at  altitudes  corre8j)onding  to  those  on  the  west  side.  The 
higher  (Watkins-Newberry)  bars  lie  upon  the  north  side  of  the  Havana- 
Odessa  highway,  about  half  way  between  the  villages,  on  land  of  Mr 
John  A.  Charles,  and  a  few  rods  above  the  house  of  Mr  Luther  J.  Drake. 
There  are  three  bars  only  a  few  rods  apart,  the  middle  one  being  the 
strongest.  The  latter  crosses  the  road  obliquely,  trending  southwest, 
and  may  be  easily  located  by  a  large  oak  tree  that  stands  on  the  bar  by 
the  north  side  of  the  road.*  Taking  as  datum  the  top  of  rail  at  the 
Odessa  station  of  the  Lehigh  Valley  railroad  as  1,092.32  feet  above  tide, 
the  highest  of  the  three  bars,  somewhat  irregular  and  broken,  is  940  to 
942  feet.  The  middle  and  strongest  bar  is  935  feet  and  the  lowest  is  932 
feet. 

Bars  of  the  Warren  waters  form  the  front  of  a  terrace  on  the  south 
side  of  the  road  on  the  north  side  of  the  famous  Havana  glen.  The.se 
are  behind  the  house  of  Mr  Frank  Doolittle.  There  are  two  ridges  of 
nearly  equal  height,  the  outer  one  of  excellent  form,  direction  northwest- 
southeast.  The  line  of  levels  from  Odessa  station  makes  tlie  elevation 
of  these  bars  840  feet.  By  leveling  across  the  valley,  with  proper  cor- 
rections, these  bars  were  found  to  accord  with  that  in  the  Montour  Falls 
cemetery. 

WEST  SIDE  OF  SEX  EC  A    VALLEY 

At  Watkins  the  Watkins-Newberry  levels  are  found  in  good  form  on 
the  summit  of  the  delta  above  the  village,  both  sides  of  the  Watkins 
glen.  Above  the  cemetery,  which  is  located  on  the  terraces  of  the  delt^i 
on  the  north  side  of  the  glen,  the  delta  summit  is  a  broad  plateau  of 
gravel,  with  rolling  surface,  with  a  handsome  bar  upon  the  edge;  direc- 
tion northwest-southeast.  In  1894,  by  hand  level,  the  elevation  Wius 
made  901  feet;  with  aneroid,  in  1897,  it  was  made  955  to  960  feet. 

On  the  south  side  of  the  glen  the  delta  is  wider  and  less  definite, 
but  displays  several  terraces  near  the  summit  with  good  bars.  Taking 
the  top  of  rail  of  the  Fall  Brook  railroad  on  the  viaduct  across  the  glen 
as  1,022.40  feet,  the  higher  series  of  good  bars  was  made  by  aneroid  900, 
952,  and  950  feet.     The  middle  bar  is  ten  rods  in  front  of  the  higher, 
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witli  excellent  form,  and  ends  as  a  npit.  The  lowest  us  some  distance 
farther  east  and  fartlier  from  tlie  ravine,  curving,  and  with  a  small  hook 
at  its  extremity.  These  three  bars  correspond  very  closely  in  their  re- 
lationship to  the  three  bars  four  miles  southeast  on  the  Odessa  road. 
The  difference  in  altitude  is  due  to  deformation  of  the  land. 

Twenty  feet  below  the  three  bars  there  is  another  broad  terrace,  with 
a  «hort  but  good  bar  upon  the  front. 

The  village  of  Himrods  is  about  two  miles  from  the  lake  and  about 
midway  of  the  length  of  the  lake.  A  delta  was  formed  in  the  high  waters 
by  the  stream,  which  lias  subsequently  cut  a  ravine  through  the  village. 
The  summit  of  the  delta  west  of  the  village  shows  a  beach  ridge,  on  the 
south  side  of  the  highway,  ending  in  spit  points.  The  elevation,  by 
aneroid,  taking  the  rail  at  the  station  of  the  Fall  Brook  railroad  at 
847.28  feet,  was  made  990  feet. 

The  Warren  shore  is  near  the  level  of  the  railroad  station,  but  its 
exact  plane  has  not  been  determined.  Just  north  of  the  station  the 
railroad  cuts  a  ridge  which  probably  represents  a  delta  terrace,  liaving 
an  elevation  of  851  to  858  feet.  North  of  the  ravine  is  a  ridge  carrying 
the  village  cemetery,  with  an  elevation  of  889  feet.  This  probably  was 
a  deposit  of  stream  and  shore  current  during  the  extinction  of  lake  War- 
ren. The  true  Warren  plane  can  doubtless  be  found  at  this  locality  by 
further  search. 

The  village  of  Stanley,  the  junction  of  the  Northern  Central  branch 
of  the  Pennsylvania  railroad  with  the  Najiles  branch  of  the  I^high  val- 
le\%  is  about  four  miles  south  of  the  parallel  cutting  the  north  end  of 
Seneca  lake,  and  is  almost  as  far  north  as  the  Newberry  waters  ever 
readied.  The  shoreline  of  these  waters  may  be  seen  about  one  mile 
southwest  of  Stanley,  or  about  half  way  to  Gorham,  along  the  Lehigh 
Valley  railroad.  A  north-and-south  highway  crosses  the  railroad  at  the 
summit  of  grade.  A  short  distance  on  the  road  south  of  the  crossing 
the  Newberry  waters  have  left  a  well  marked  shoreline  cut  in  the  drift. 
This  correlates  with  a  ridge  and  spit  one-fourth  of  a  mile  farther  south- 
west. A  gravel  pit  has  been  excavated  in  this  by  the  side  of  an  east- 
and-west  road.  The  same  level  of  static  water  action  is  visible  along 
the  Stanley-Gorham  road.  Taking  as  datum  the  rail  of  the  Lehigh 
Valley  railroad  at  the  highway  crossing  as  941.3,  the  elevation,  by  an- 
eroid, of  the  wave-cut  cliff  is  970  and  the  crest  of  tlie  bar  spit  9G6  feet. 

LAKE  NEWBERRY  EXTINCTION 

m 

Beach  phenomena  of  lake  Newberry  have  not  been  found  west  or  north 
of  Stanley.  It  is  believed  that  these  waters  never  passed  beyond  the 
high  land  between  Seneca  and  Canandaigua  lakes,  but  with  the  re- 

VII— Bull.  Gkol.  Soc.  Am.,  Vol.  10,  1898 
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moval  of  the  ice  from  the  northern  point  of  that  ground  the  watei-s  of 
lake  Newberry  were  lowered  to  lake  Warren.  The  east-and-west  scour- 
ways  which  were  made  by  the  escaping  Newberry  waters  in  the  extinc- 
tion of  that  lake  are  found,  cut  across  the  drumlin  surface,  at  a  locality 
five  miles  southeast  of  Canandaigua  and  two  miles  south  of  Ennerdale 
station,  on  the  Northern  Central  railroad.  Here  well  marked  channels 
lie  athwart  two  north-and-south  roads.  The  highest  scourway  is  an 
indefinite  channel  at  the  four  corners,  one  and  a  half  miles  east  of  Reeds 
corners,  with  an  aneroid  elevation  of  985  feet.  An  excellent  channel, 
20  rods  wide  and  truncating  the  south  end  of  a  drumlin,  is  found  north- 
ward with  elevation  of  about  950  feet  (aneroid).  About  one-eighth  of  a 
mile  farther  north  another  good  channel  occurs,  30  rods  wide,  border- 
ing the  south  side  of  a  moraine  and  truncating  the  north  ends  of  drum- 
lins.  The  elevation  is  about  930  feet  (aneroid).  These  channels  seem  to 
prove  that  lake  Newberry  was  destroyed  by  the  extension  of  lake  War- 
ren into  the  Seneca  basin.  The  volume  of  water  drained  through  thase 
channels  was  considerable,  as  lake  Newberry  had  a  large  area  and  was 
lowered  through  100  feet  of  its  depth, 

THE  ''O  By  EVA''  BEACH 

In  another  publication*  description  has  been  made  of  a  strong  beach 
along  the  west  side  of  the  Seneca  valley.  This  was  first  discovered 
above  Geneva  with  elevation  of  700  feet,  and  was  traced  north  and  west 
to  near  ShorU^ville,  with  some  evidences  of  the  water-level  as  far  west  as 
the  Cienesee  river.  Since  the  time  of  that  publication  the  i)each  ha.s 
been  traced  south  along  the  west  slope  of  the  Seneca  valley  as  far  as  the 
Keuka  lake  outlet.  It  lies  along  the  east  side  of  the  north  and  south 
Preemption  road  from  GeJieva  to  near  Bellona,  a  distance  of  over  six 
miles,  except  that  north  of  Billsboro  village  the  beach  lies  obliquely 
across  the  road.  It  is  more  or  less  broken  by  embayments,  but  in  places 
is  a  heavy  ridge.  A  mile  from  Bellona  the  beach  swings  eastward,  and 
on  account  of  the  steeper  valley  slope  it  lies  less  than  a  mile  from 
the  present  lake.  East  of  Bellono  and  three-fourths  of  a  mile  west  of 
Earles  station,  on  the  Fall  Brook  railroad,  the  beach  passes  beneath  the 
house  and  barn  of  Edwin  Earle.  South  of  his  house  it  crosses  obliquely 
to  the  east  side  of  the  road  and  for  five  miles  pursues  a  nearly  direct 
course  parallel  with  the  Seneca  shore.  It  now  becomes  weaker  and  is 
traceable  with  difficulty.  A  mile  from"  Dresden  it  curves  westward  up 
the  embay ment  of  Keuka  outlet.  The  most  southerly  point  of  the  shore- 
line phenomena  of  this  water  observed  at  this  writing  is  near  Mays 
Mills,  on  the  Penn  Yan  branch  of  the  Fall  Brook  railroad.     The  beach 
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^•eellls  to  pass  beneath  the  house  occupied  by  Mr  Ezra  Decker,  and  in 
the  field  in  front  of  the  house  is  a  strong  bar  on  a  delta  parallel  with 
the  creek.  Taking  the  railroad  at  Mays  Mills  as  datum  at  556  feet,  the 
elevation  of  the  bar  is  650  feet.  Three  miles  north,  near  Angus  station, 
the  bar  is  671  feet,  using  the  railroad  datum.  About  three  miles  farther 
north,  at  Mr  Earle'8,the  well  formed  beach  of  apparently  full  height  is  079 
feet.  About  seven  miles  farther  north,  at  Geneva,  the  full  height  of  beach 
hy  Mr  Bean's,  on  the  Preemption  road,  is  700  feet,  taking  as  datum  the 
top  of  rail  of  the  Lehigh  Valley  track  crossing  of  the  Preemj)tion  road  as 
l>(>6.92  feet.  B}'  the  same  railroad  datum,  using  the  rail  at  Phelps  as 
(>()0.«S2,  the  heavy  bar  at  the  reservoir  of  the  Phelps  water  works,  five  and 
one-half  miles  northwest  of  the  last  point,  is  713  feet. 

Careful  research  will  undoubtedly  reveal  the  Geneva  beach  farther 
south  in  the  Seneca  valley.  This  beach  is  now  correlated  with  an  out- 
let at  Marcellus,  and  the  water  is  named  lake  Dana  (see  page  56). 

EAST  SIDE  OF  SENECA    VALLEY 

At  Burdette,  about  one-half  mile  west  of  the  railroad  station  and  just 
west  of  the  village,  the  Newberry  shoreline  is  found  at  the  head  of  the 
steep  sloj)e,  on  the  north  side  of  the  ravine.  The  highway  is  crossed  by  an 
irregular  kame-like  ridge  in  which  is  a  gravel  pit  on  the  south  side  of 
the  road.  Southward  from  the  gravel  pit  the  ridge  is  a  good  bar.  Pass- 
ing by  a  till  knoll  as  a  shelf  or  cut  terrace,  and  then  curving  around  to 
the  west  parallel  to  the  ravine,  it  rapidly  descends  and  ends  as  a  ver}' 
bold  spit  facing  the  valley.  An  old  cemetery  is  located  upon  the  ex- 
treme point  of  tlie  spit.  Behind  the  bar,  near  the  road,  is  a  broad  kettle 
l>asin. 

Taking  as  datum  the  Lehigh  Valley  railroad  at  the  station  as  1,001.62, 
the  elevation  of  the  bar  is  964  feet.  This  is  thought  to  re[)resent  nearly 
the  true  water-level. 

The  slope  of  the  valley  is  so  stee[)  that  the  formation  of  shore  deposits 
at  lower  levels  was  not  favored,  and  the  Warren  shoreline  is  not  found 
at  the  theoretical  level.  Somewhat  lower,  however,  is  a  terrace  in  the 
delta  with  a  bar  front  having  elevation  of  828  to  832  feet. 

Below  this  the  slope  is  precipitous,  and  the  Geneva  beach  is  not  shown. 

Upon  the  south  side  of  the  ravine  a  distinct  bar  lies  at  an  elevation 
(aneroid)  of  about  935  to  940  feet. 

At  Hector  station  the  Newberry  shoreline  is  above  the  railroad.  Tak- 
ing the  rail  as  919.52,  the  bar  on  the  south  side  of  the  highway, on  land  and 
close  to  the  house  of  Mr  A.  B.  Nivison,  is  976  feet  elevation.  This  is 
on  the  north  side  of  the  ravine.  Higher  up  the  delta  is  another  ridge  at 
elevation  of  990  feet,  behind  which  is  a  large  and  deep  kettle.     This  bar 
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forms  the  front  of  an  extended  plateau  of  water-laid  drift,  with  low 
ridges  parallel  and  close  to  the  stream  channel.  This  plateau  may  rep- 
resent the  highest  or  initial  level  of  the  Watkins  lake. 

Across  the  ravine  or  southward  are  three  hars,  the  lowest  being  the 
strongest,  with  a  difference  of  elevation  of  10  feet.  Their  absolute  ele- 
vation, however,  is  at  least  10  feet  lower  than  the  Nivison  bar. 

The  Warren  level  is  shown  as  a  plateau  in  the  little  village  below  and 
west  of  the  station,  with  an  elevation  of  about  880  feet.  North  of  the 
northern  ravine  a  heavy  ridge  of  coarse  material  occurs  in  the  orchard 
and  behind  the  barn  of  Mr  B.  J.  Budd,  with  elevation  of  871  feet.  Below 
this  is  a  j)oorly  formed  ridge  at  864  feet. 

At  North  Hector  station,  immediately  north  of  the  station,  the  delta 
gravels  have  been  extensively  excavated,  giving  a  vertical  exposure  of 
about  1(X)  feet  and  well  displaying  the  delta  structure.  The  Newberry 
level  is  the  summit  of  the  dissected  plateau,  where  a  heavy  bar-spit  is 
found,  on  the  north  side  of  the  road,  with  elevation  of  984  feet,  the  sta- 
tion being  872.22  feet.  Behind  this  transverse  bar  is  a  broad  basin  of 
low  ground.  This  bar  seems  to  correlate  with  the  high  bar  at  Hector, 
two  miles  south,  and  may  represent  the  primitive  Watkins  level. 

The  railroad  station  is  a  few  feet  over  the  head  of  the  Warren  plateau, 
which  averages  about  865  feet  (aneroid). 

The  village  of  North  Hector  lies  a  mile  westward,  near  the  lake,  on  a 
series  of  delta  terraces.  The  broadest  of  these  terraces  is  thought  to  rej)- 
resent  the  waters  of  the  lake  Dana. 

At  Lodi,  one  quarter  of  a  mile  east  of  the  station,  and  just  beyond  the 
cemetery  and  schoolhouse.  are  three  bars,  showing  best  upon  the  south 
side  of  the  road.  Taking  the  top  of  rail  at  the  station  as  784.62  feet,  the 
elevations  of  these  ridges  are  854,  865,  and  874  feet.  The  highest  ridge 
is  the  largest,  and  is  taken  as  the  best  representative  of  the  Warren  level. 

One-half  mile  farther  east  and  half  way  to  Lodi  village  a  strong  bar 
crosses  the  road,  })eneath  the  house  of  Mr  James  Gulick.  The  elevation 
is  1)77  feet  and  it  represents  the  Newberry  waters. 

At  Ovid  the  top  of  rail  at  the  station  has  an  elevation  of  857.52  feet. 
The  beach  of  lake  Warren  is  19  feet  higher,  or  877  feet.  This  shows  east 
and  northeast  of  the  station  as  a  good  spit.  South  of  the  station  the 
beach  is  faint,  but  shows  clearly  farther  westward  where  it  curves  around 
the  hillside.  It  crosses  the  east-and-west  road,  in  the  northwest  part  of 
the  village,  beneath  the  house  of  Mr  Patrick  Smith,  and  is  a  good  shore- 
line farther  south.  The  drift  of  the  region  is  only  a  thin  veneer  over 
soft  shales,  from  which  it  was  apparently  derived,  and  the  material  of 
the  beach  is  largely  a  shale  gravel,  which  at  the  surface,  especially  in 
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long  cultivated  fields,  has  disintegrated  into  a  rather  stiff  soil  quite  unlike 
an  ordinary  beach. 

The  shoreline  of  lake  Newberry  passes  through  the  village  of  Ovid. 
The  natural  surface  of  the  ground  has  been  so  changed  that  the  exact 
location  and  elevation  of  the  beach  has  not  been  found.  Probably  the 
main  north-and-south  street  in  the  business  portion  of  the  village  is  near 
the  beach  level,  and  the  concave  slopes  of  the  drumlins  on  which  stand 
the  court-house  and  the  academy  are  the  wave-cut  cliffs.  The  Newberry 
beaches  will  probably  be  found  east  of  the  academy,  also  southwest  of 
the  village. 

It  was  at  this  point  that  the  Ithaca  lake  was  extinguished  and  the 
waters  of  Watkins  lake  took  possession  of  the  Cayuga  valley,  thereby 
inaugurating  lake  Newberry.     This  is  discussed  farther  on  (see  page  49). 

Cayuga  Valley 
determination  of  water  levels 

The  later  work  in  this  valley  has  been  the  determination  of  the  water 
levels  at  a  few  localities.  The  highest  level,  that  of  the  local  Ithaca  lake, 
has  not  been  studied  recently. 

The  delta  at  Coy  Glen,  in  the  inlet  valley  near  Ithaca,  was  used  in  the 
former  paj)er  relying  upon  the  Ithaca  sheet  of  the  topograj)hic  map  for 
elevations.  By  careful  instrumental  leveling,  using  the  Lehigh  Valley 
railroad  as  datum,  the  rail  on  bridge  over  the  inlet  creek  near  the  delta 
being  393.7  feet,  the  broad  fiat  terrace  correlating  with  the  Warren  level 
was  found  to  be  865  feet  elevation.  Below  this  is  another  good  bench 
at  881.  Other  benches  occur  at  737  and  654,  and  a  broken  terrace  618 
at  the  head  down  to  580  at  the  point. 

At  Willow  Creek  station  a  small  stream  built  some  terraces  at  the 
succe.<«sive  water-levels.  Jielow  the  station  of  the  Lehigh  Valley  railroad 
is  a  sloping  terrace  with  gravel  ridges  generally  parallel  with  the  ravine 
ending  hikeward  as  bold  spits  or  blufls.  These  occur  both  sides  of 
the  ravine  near  the  house  of  Mr  Horace  Sutton,  and  together  they  form 
an  extended  blufl'  of  gravel.  Taking  the  rail  at  station  as  747.62  feet,  the 
head  of  the  gravel  ridges  is  622  feet,  and  they  terminate  at  61 1  feet.  This 
bluff  is  regarded  as  indicating  a  sublevel  of  the  Geneva  Beach  waters 
(lake  Dana). 

About  one-half  mile  up  the  slope  west  of  the  station  delta  gravels  are 
well  displayed  both  sides  of  the  ravine  at  levels  marking  the  position 
of  Warren  waters.  The  lower  terrace  underlies  a  vineyard  on  the  south 
Hide  of  the  ravine  opposite  a  tenant-bouse  of  Mr  H.  F.  Owen.  The  frontal 
bars  are  825  feet  and  the  good  heavy  bar  at  back  of  terrace  is  829  feet 
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elevation.  The  higher  gravels  are  found  both  sides  of  the  ravine  near 
Mr  Owen's  residence.  No  transverse  bars  were  seen,  but  heavy  gravel 
ridges  that  diverge  obliquely  from  the  ravine.  These  have  the  fonn  of 
bars  and  the  material  is  well  assorted  gravel.  The  lowest  bar  heads  by 
the  lane  leading  to  the  house  and  ends  eastward  in  a  broad  lobe  by  the 
south  side  of  the  east-and-west  road;  its  elevation  at  head  is  863  feet,  at 
end  859.  The  full  height  of  the  stronger  bars  is  seen  west  of  the  lane 
on  a  fair  terrace,  with  elevation  of  877  feet,  and  somewhat  higher  to- 
ward their  head.  These  higher  ridges  may  have  belonged  to  the  flood- 
tide  delta  that  was  above  the  lake-level. 

At  Taughannock  Falls  station  (top  of  lower  rail  833.02  feet)  the  action 
of  the  Warren  waters  is  shown  in  excellent  form.  East  and  south  of  the 
station  and  both  sides  of  the  ravine  are  handsome  bars.  The  higliest 
has  an  elevation  of  849  feet.  South  of  the  ravine  this  is  a  strong  cur\'ing 
gravel  ridge,  crossing  the  highway  and  supporting  the  barn  belonging 
to  Mrs  R.  Wilcox.  North  of  the  ravine  it  forms  the  highest  part  of  a 
broad  plateau  of  fine  soft  gravel.  This  plateau  declines  lakeward,  with 
ridged  surface,  and  about  60  rods  east  ends  abruptly  with  an  excellent 
frontal  bar.  This  bar  curves  around  the  edge  of  the  terrace,  reaching 
clear  to  the  ravine,  with  convexity  lakeward  ;  its  elevation  is  826  feet. 
A  corresponding  level  is  found  on  the  south  side  of  the  ravine,  where 
beyond  a  depression  a  heavy  ridge  lies  under  the  house  of  Mr  Henry 
Luckey,  with  elevation  by  aneroid  of  830  feet. 

The  village  of  Trumansburg  is  built  on  a  broad  delta  plain  of  the 
Newberry  waters,  and  bars  are  well  developed  both  sides  of  the  ravine 
which  passes  through  the  village.  On  the  north  side  the  bars  appear  be- 
tween (-ongress  and  Prospect  streets.  The  lower  and  heavier  bar  crosses 
Prospect  street,  supporting  the  houses  of  Mr  Davenport  and  Mr  North 
on  the  east  side  of  the  street.  This  bar  forms  the  north  edge  of  the  bluff- 
like terrace  at  this  place.  Northwestward  it  crosses  Congress  street  and 
runs  against  higher  ground.  Landward  two  other  lighter  bars  appear  only 
a  few  rods  apart  and  a  few  feet  higher.  Taking  the  top  of  the  Lehigli 
Valley  rail  at  the  station  as  876.22,  the  frontal  bar  is  956  to  958  feet  and 
the  inner  bar,  perhaps  15  rods  distant,  is  962  feet  elevation. 

South  of  the  ravine  a  good  bar  is  found  crossing  South  street  obliquely, 
trend  south  30  degrees  east,  in  front  of  the  house  of  Mr  Ver  Planck,  occu- 
pied (1897)  by  Mr  Woodward.  Its  altitude  is  practically  the  same  as 
those  on  the  north  side  of  the  village.  The  general  level  of  the  village 
plateau  is  very  little  higher  than  the  bare. 

The  Warren  level  shows  as  a  heavy  bar  below  or  east  of  the  railroad 
station.  The  southern  branch  crosses  the  east-and-west  road  at  the 
house  of  Mr  C.  M.  Dickerman  and  strikes  the  ravine  road  under  the 
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houses  of  Mrs  Tall rnaclge  and  Mrs  Sawyer.  To  the  west  the  ridge  ends 
us  a  spit,  facing  lower  ground.  The  elevation  of  this  har  is  834  feet. 
The  frontal  ridge  forming  the  northern  branch  is  829  feet. 

ITHACA   LAKE  EXTIACTIOX 

Ovid  village  lies  on  the  north  point  of  the  high  ground  separating 
Ca3'uga  and  Seneca  valleys.  This  is  the  critical  point  in  the  relation  of 
the  glacial  waters  of  the  two  valleys.  We  find  here  a  set  of  phenomena 
and  a  succession  of  events  in  the  lacustrine  history  similar  to  tliose  de- 
scribed above  referring  to  the  extinction  of  lake  Newberry.  We  are, 
liowever,  taking  the  general  events  in  reversed  order  of  time,  as  the  Ovid 
phenomena,  to  be  described,  refer  to  a  time  anterior,  possibly  by  many 
centuries,  to  that  of  the  scourways  near  Canandaigua.  The  Ovid  phe- 
nomena relate  to  the  origin  of  lake  Newberry ;  those  near  (.anandaigua 
to  its  extinction. 

South  of  the  village  the  north-and-south  drumlin  ridging  is  broken 
and  east-and-west  channels  appear.  The  highest  and  broadest  is  about 
one  and  one-half  miles  south  and  the  lowest  seems  to  be  in  the  village. 
The  elevations  have  not  been  measured  nor  a  close  examination  made 
of  these  channels,  but  it  is  confidently  believed  that  they  are  the  scour- 
ways  eroded  by  the  escaping  waters  of  the  Ithaca  lake.  While  the  ice- 
sheet  covered  this  northern  end  of  the  dividing  ridge  between  the  Cayuga 
and  Seneca  valleys  the  \vaters  of  the  Cayuga  valley  (Ithaca  lake)  were 
held  up  to  a  level  of  the  White  Church  outlet,  southeast  of  Ithaca,  with 
j>resent  elevation  of  975  feet.  When  the  ice  melted  back  from  the  ground 
south  of  Ovid  the  Ithaca  waters  found  there  an  outlet  about  60  feet 
lower  and  made  haste  to  escape  westward  along  the  ice-front  into  the 
Watkins  lake.  When  this  subsidence  was  accomplished  and  the  waters 
of  the  two  valleys  became  confluent,  then  lake  Newberry,  the  expansion 
of  the  local  Watkins  lake,  occupied  the  Cayuga  valle3^ 

OwAsco  Valley 

The  present  Owasco  lake  is  eleven  miles  long,  with  elevation  of  710  feet. 
The  city  of  Auburn  lies  two  miles  beyond  the  north  end  of  the  lake  and 
some  distance  beyond  the  end  of  the  definite  valley.  The  valley  bottom 
extends  seven  miles  south  of  the  lake,  to  the  village  of  Locke,  and  then 
rises  for  eleven  miles  to  Freeville,  where  the  valley  is  intersected  by  an 
ejv^t-and-west  depression,  drained  b}'  Fall  creek  westward  into  Cayuga 
lake. 

At  Ix)cke  a  narrow  valley  branches  southwest  from  the  main  valley 
and  heads  in  a  swamp  col  near  north  Lansing.     Beyond  the  col  is  the 
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valley  of  Salmon  creek,  which  enterH  Cayuga  lake  at  Ludlow ville.  TL- 
elevation  of  this  col  is  given  hy  the  Moravia  sheet  as  960  +  feet.  11.^ 
elevation  of  Freeville,  at  the  col  of  the  main  valle3%  is  1,040  feet. 

Before  the  glacier  foot  had  receded  as  far  as  Locke  a  small  lake  u\u< 
have  been  held  in  each  branch  of  the  vallev.  The  one  in  the  main  va!- 
ley  may  be  called  the  (iroton  lake.*  This  had  its  outlet  into  Fall  crt?ek. 
at  Freeville.  The  elevation  of  the  water  surface  was  about  1 ,04o  to  IJM' 
feet.  The  phenomena  have  not  been  studied  in  the  Groton  branch/^:: 
delta  terraces  m.ay  be  found  about  (iroton  and  Peruville. 

The  smaller  lake  held  in  the  narrow  western  branch,  at  an  elevatior. 
originally  of  ))erhaj)s  toward  l.()(K)  feet,  was  the  predecessor  of  the  Mora- 
via lake,  which  0(!cupied  the  greater  valley  until  the  ice-dam  wjis  reiiioTe* 
from  the  high  ground  between  this  and  Cayuga  valle}',  at  a  locality  aboat 
six  miles  south  of  Auburn. 

Good  deltas  and  water-levels  are  found  at  liOcke  and  Moraviii,  boi 
especially  at  the  latter  village.  At  Locke  the  best  plateau  is  sontli  oi 
the  village,  being  the  point  at  the  junction  of  the  two  valley's.  It  fc 
triangular,  about  one-third  of  a  mile  across,  and  nearly  level ;  at  lesu?: 
the  point  is  water-laid  drift.  The  elevation,  taking  the  rail  at  the  I^hiiiii 
Valley  station  as  795,  is  860  at  the  front  and  about  870  at  the  back. 
This  seems  to  represent  the  Warren  level.  Other  plateaus  of  ssimilnr 
level  are  seen  up  the  valley  southeast. 

Along  the  sides  of  the  valley  are  seen  traces  of  erode<l  terrac<»s,  botii 
of  the  Warren  level  and  of  another  much  higher. 

At  Moravia  deltas  are  well  developed  and  two  water-levels  are  con- 
spicuous. The  largest  delUi  is  close  to  the  village  on  the  east  side,  whtr^* 
a  gravel  excavation  has  given  a  vertical  exiK)sure  of  about  100  feet.  Ti*f 
broad  summit  plateau  of  this  delta,  both  sides  of  the  ravine,  has  an  alti- 
tude of  about  1,0(K)  feet  at  the  front  and  rises  landward  onlv  lo  t^*  2' 
feet  in  half  a  mile.  This  is  the  proj)er  level  of  the  Moravia  lake,  tuakiiv^ 
some  allowance  for  the  down-cutting  of  the  outlet,  the  depth  of  waur 
over  the  sill,  and  the  land  deformation  tlirough  eight  miles  of  di^Umce. 

The  lower  terraces  at  Moravia  represent  clearly  the  Warren  level. 
There  are  two  benches  *27  feet  apart.  The  extended  upper  bench  corre- 
sponds precisely  on  both  sides  of  the  ravine,  having  an  elevation  of  882  .z. 
feet.  The  lower  bench,  with  an  elevation  of  855  ±:  feet,  appears  onlv  or 
the  south  side  of  the  ravine.  This  is  the  plateau  beneath  the  house  of 
Mr  Spoflbrd. 

These  two  Warren  terraces  show  plainly,  looking  from  the  village,  in' 


*  In  thfl  ourlier  pnpor  this  name  was  applied  to  tin*  glacial  waters  in  the  whok*  Owasoo  vallev 
is  now  nigardoci  a^  tho  profni-r  dt'signatioii  of  only  the  earlier,  more  localized  lake,  while  the  !^»-" 
and  main  lake  i^honld  be  called  the  Moravia  lake. 
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the  profile  of  a  delta  some  three- fourths  of  a  mile  south.     The  measured 
difference  upon  the  delta  is  still  27  feet. 

No  evidence  was  found  at  I^ocke  or  Moravia  of  the  Newberry  water, 
but  the  study  of  the  valley  is  too  slight  to  form  any  conclusion  from  the 
evidences  as  to  the  existence  of  lake  Newberry  in  this  valley.  A  prioi^ 
the  chances  seem  about  even,  for  the  1,000-foot  contour  line  west  of 
Owasco  is  on  quite  the  same  parallel  as  the  point  near  Canandaigua 
where  lake  Newberry  found  its  death.  It,  however,  seems  probable  that 
lake  Newberry  was  lost  in  lake  Warren  before  its  waters  could  gain  access 
to  Owasco  valley.  If  they  did  reach  the  valley  they  existed  there  but  a 
relatively  short  time. 

Skaneatelks  Valley 

The  lake  of  this  name  is  some  15  miles  long  and  varies  in  width  from 
three-fourths  of  a  mile  to  one  and  one-half  miles.  The  village  of  the  same 
name  lies  around  the  foot  of  the  lake.  Except  on  the  west  side  of  the 
northern  part,  the  valley  has  steep  and  unl)roken  walls,  and  the  upper 
half  of  the  valley  is  remarkably  narrow  and  deep.  The  elevation  of  the 
lake  is  867  feet. 

At  near  the  middle  of  the  lake  on  the  west  side  is  a  low  notch,  slightly 
over  90l)  feet,  which  was  the  outlet  of  the  glacial  waters  during  the  later 
phase  of  the  local  lake.  Before  this  pass  was  opened  the  waters  in  the 
higher  southern  end  of  the  valley  were  held  up  to  a  level  about  450  feet 
higher  than  the  present  lake,  and  were  forced  over  the  divide  at  the  head- 
waters into  southern  drainage. 

The  headwaters  divide  is  a  mile  south  of  Scott  village  and  about  three 
miles  south  of  the  head  of  the  lake,  on  the  east  side  of  the  ancient  valley. 
The  col  is  not  a  swamp  but  is  among  niorainic  knolls.  The  channel  is 
not  wide,  and  has  been  obstructed  -by  detrital  cones  at  the  mouths  of 
gullies,  but  is  evidently  an  ancient  waterway.  It  was  not  required  to 
carr}' a  large  volume  of  glacial  water.  The  channel  leads  into  Factory 
brook,  which,  flowing  south  to  Homer,  6  miles,  joins  the  Tioughnioga 
river. 

The  present  elevation  of  the  col  is  a'oout  1,300  feet.  No  effort  has 
been  made  to  find  any  shoreline  phenomena  of  this  high  level,  but  delta 
terraces  can  probably  be  found  in  the  region  of  Carpenters  P'alls,  on  Bear 
Swamp  creek. 

As  there  is  no  village  in  the  upper  valley  that  lies  below  the  ;ancient 
lake-level,  we  are  compelled  to  call  the  lake  the  glacial  Skaneateles. 

When  the  diminishing  ice-lobe  was  lifted  from  the  low  notch  above 
mentioned  the  waters  were  lowered  400  feet.    This  pass  is  interesting  in 
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structure  and  relations  and  important  in  its  clear  evidence  concerning 
the  history  of  the  broader  glacial  waters.  The  col  is  one-third  of  a  mile 
west  of  the  present  lake  shore,  at  the  hamlet  called  Mandana,  six  miles 
south  of  Skaneateles.  It  is  a  swampy  channel,  about  30  rods  in  width, 
with  a  gravelly  floodplain  one-third  of  a  mile  wide,  and  10  to  15  feet 
higher.  Westward  from  the  divide  the  plain  declines  and  is  cut  and 
channeled.  The  narrow  and  deeper  channel  is  on  the  north  side  of  the 
col.  The  Skaneateles  sheet  of  the  topographic  map  makes  the  divide  a 
little  over  900  feet  elevation. 

One-half  of  a  mile  west  toward  Owasco  village  the  channels  terminate 
in  a  broad  plain  of  detritus  that  was  spread  out  by  these  streams  (and 
by  Dutch  Hollow  brook  from  the  south),  in  an  arm  of  the  Warren  water, 
which  then  filled  the  Owasco  valley.  This  detrital  plain  is  20  to  oO 
feet  lower  than  the  Mandana  col,  or  about  870  to  880  feet  in  elevation. 
At  the  time  of  these  events  lake  Newberry  was  not  in  existence,  but  had 
been  extinguished  in  lake  Warren.  This  would  not  prove  that  the  pass 
when  first  opened  might  not  have  been  flooded  by  the  Newberry  waters, 
but  some  examination  of  the  stream  ravines  on  the  Skaneateles  slopes 
convinces  the  writer  that  the  Newberry  waters  never  invaded  this  valley. 
The  Warren  waters  did,  however,  invade  the  valley  from  the  north  for 
a  short  time  before  their  extinction. 

Otisco  Valley 

Otisco  lake,  the  most  easterl}'  of  the  Finger  lakes,  is  about  five  and 
one-half  miles  long  and  three-fourths  of  a  mile  wide.  It  occupies  only 
the  central  portion  of  a  much  longer  valley  of  great  depth.  The  eleva- 
tion of  the  lake  is  784  feet,  while  the  ridge  between  Otisco  and  Skaneat- 
eles, only  two  and  one-half  miles  through  if  tunneled  at  the  lake's  level, 
is  over  1,900  feet  high.  The  valley  extends  north  7  or  8  miles  beyond 
the  lake,  past  Marcellus  village,  and  the  head  of  the  valley  is  equally  far 
south  of  the  lake.  A  moraine  occupies  the  head  of  the  valley  and  an- 
other moraine,  with  remarkably  heavy  transverse  ridges,  fills  the  lower 
part  of  the  valley  northward  from  the  lake  for  over  three  miles,  beyond 
which  it  has  been  buried  under  delta  deposits  or  swept  away  by  power- 
ful streams. 

The  col  at  the  head  of  the  valley,  with  an  elevation  on  the  Tully  topo- 
graphic sheet  of  about  1,200  feet,  is  about  two  miles  north  of  Preble 
village.  The  outlet  channel  is  on  the  west  side  of  the  valley.  It  is  a 
well  defined  scourway,  20  to  40  rods  wide,  and  with  bordering  gravel 
plains,  20  to  40  feet  higher,  all  the  way  to  the  broader  valley  at  Preble. 
No  examination  of  the  valley  has  been  made  with  reference   to  the 
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shoreline  phenomena  of  the  high-level  waters,  which,  on  account  of  the 
steepness  of  the  valley  walls  and  the  small  drainage  area,  will  probably 
be  weak.  The  lake  we  may  call  the  glacial  Otisco.  The  lower  part  of 
the  valley  contains,  however,  heavy  deltas,  and  is  related  to  the  great 
channels  and  other  critical  phenomena  connected  with  the  extinction  of 
Jake  Warren. 

Near  the  village  of  Amber,  at  the  foot  of  the  lake  on  the  east  side,  are 
conspicuous  terraces.  The  elevation  of  these  is  given  on  the  Skaneateles 
t()j>ographic  sheet  as  between  940  and  960  feet.  Upon  the  faces  of  the 
deltas  is  a  notching,  50  or  60  feet  lower.  The  Amber  deltas  were  built 
by  rivers  which  drained  the  glacial  waters  of  the  Onondago  valley, 
lying  east.  The  lake  in  which  the  deltas  were  deposited,  which  we  will 
call  the  Marietta  lake,  seems  to  have  had  its  level  determined  by  some 
winding  channels  in  shale  rock  two  miles  due  east  of  Skaneateles  village, 
with  elevation  on  the  topographic  sheet  of  940  feet  (see  figure  1).  This 
outlet  carried  the  waters  over  to  the  Skaneateles  valley  by  a  fall  of  only 
about  20  to  30  feet,  from  whence  it  escaped  still  westward  by  the  Mandana 
channel  (see  page  52)  to  the  Warren  waters,  by  a  fall  of  about  30  or  40 
feet.  Other  deltas  formed  in  the  Marietta  lake  occur  two  miles  south  of 
MarcelluSjOn  the  east  side  pf  the  valley.  The  Marietta  lake  was  succeeded 
in  the  Otisco  valley  by  the  Warren  waters  at  full  height,  which  produced 
the  lower  notching  on  the. Amber  deltas. 

EXTINCTION  OF  LAKE  WARREN:   HYPER-IROQUOIS  WATERS 

Two  miles  south  of  Marcellus  village  a  huge  delta  lies  on  the  west  side 
of  the  valley  at  the  mouth  of  a  great  channel  cut  in  the  Hamilton  shales 
(see  plate  5).  Tiie  topographic  sheet  gives  the  height  of  the  delta  ter- 
races as  860  down  to  800  feet.  The  delta  is  the  debris  derived  from  the 
excavation  of  the  gorge  and  dropped  by  the  powerful  river  in  the  slowly 
fulling  waters  of  the  Otisco  valley.  The  gorge  heads  four  miles  north- 
west of  Marcellus  and  a  mile  west  of  Sheppards  Settlement  on  lime. 
hitone,  with  an  elevation  at  the  intake,  as  given  by  Dr  Gilbert,  of  812 
feet.*  Here  at  the  head  of  the  eroded  '*  gulf  "  (the  only  local  name)  the 
drift  and  shale  are  removed  down  to  the  hard  limestone  rock  over  con- 
siderable area  (see  plate  4).  It  is  evident  that  an  enormous  volume  of 
water  escaped  at  this  point.     This  was  the  water  of  lake  Warren,  which 


•The  rhaonels  and  delttut  at  the  foot  of  the  Otisco  valley  were  first  brought  to  the  writer's  notice 
hy  Or  Gin>ert  in  1896.  These  and  the  other  large  channels  farther  eastward,  described  later  in  this 
paper,  were  studied  by  Dr  Gilbert  and  briefly  uuled  in  his  paper  in  the  Bulletin,  vol.  8,  p.  'Jm5. 
Through  the  kindness  of  Dr  Gilbert  and  the  courtesy  of  the  United  Stat<«s  (roological  Survey  sev- 
1-ral  of  Dr  Gilbert'8  photographs  of  the  channels  are  used  in  illustration  of  this  article.  These 
include  the  views  in  plates  4-7  and  figure  2  of  plate  H. 
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found  here  an  outlet  lower  than  its  old  one  westward  across  Michigan  to 
the  Mississippi.  Its  western  flow,  that  had  been  sustained  perhaps  some 
thousands  of  years,  was  by  the  removal  of  the  ice-dam  in  this  region 
slowly  reversed  and  shifted  to  the  east  toward  the  Mohawk-Hudson. 
This  was  the  end  of  lake  Warren  proper.  For  the  similar  body  of 
water,  but  with  falling  surface  and  diminishing  area,  which  found  lower 
and  lower  outlets  eastward  along  the  ice-front,  we  can  have  no  specific 
name,  but  using  a  generic  tenn  may  speak  of  it  as  the  hyper-Iroquois 
waters. 

The  Warren  overflow  into  the  Otisco  valley  would  have  been  quickly 
checked  if  some  eastward  outlet  were  not  provided.  This  is  found  in 
another  rock  gorge,  which  we  call  the  Cedarvale  channel,  that  leads 
southeast  from  Marcel! us  to  the  Onondaga  valley.  A  great  part  of  the 
excavation  of  this  gorge  was  done  pari  passu  with  the  cutting  of  the  Gulf 
and  by  the  same  water,  but  the  initial  height  of  the  outlet  must  have 
been  less  than  the  height  of  lake  Warren. 

It  seems  probable  that  the  Warren  waters  had  obtained  access  to  the 
Otisco  valley,  and  even  to  the  Onondaga  valley,  before  the  lower  passes 
further  east  were  opened  ;  in  other  words,  the  ice  barrier  was  removed 
from  the  pass  at  Sheppards  Settlement  before  it  was  lifted  from  the  passes 
south  or  southeast  of  Syracuse.  This  succession  of  events  would  account 
for  the  absence  of  scourways,  below  900  feet  elevation,  across  the  north- 
and-south  ridge  west  of  the  head  of  the  Gulf.  When  the  lower  eastern 
escape  was  finally  opened,  probably  by  the  channels  near  Jamesville. 
the  Warren  waters  in  the  Otisco  and  Onondaga  valleys  quietly  fell  until 
the  Gulf  outlet  became  effective,  the  waters  entering  from  the  north  by 
two  valleys  separated  by  a  drumlin  ridge,  the  eastern  of  the  two  valleys 
eventually  taking  all  the  overflow.  Theoretically  the  Warren  waters 
entered  this  region  with  an  elevation  more  than  880  feet.  Evidence 
of  erosion  at  near  this  level  appears  in  a  clifl"  on  the  west  side  of  the 
valley  one  mile  south  of  the  intake,  which  has  the  appearance  of  stream 
cutting.  This  is  near  Mud  pond.  On  the  east  side  of  the  channel, 
at  the  east-and-west  road  one-half  mile  below  the  intake,  is  a  gravel  j)lain 
at  8><()  ±:  feet,  which  is  probably  a  floodplain  of  the  early  river. 

The  body  of  water  held  in  the  Marcellus  section  of  the  Otisco  valley 
during  the  life  of  the  Gulf  river  we  will  call  the  Marcellus  lake,  it  being 
the  third  glacial  lake  of  the  valley.  The  surface  elevation  of  this  water 
was  determined  by  the  heights  of  the  Cedarvale  outlet.  The  down-cutting 
of  this  outlet  during  the  life  of  the  Marcellus  lake  will  account  for  the 
succession  of  terraces  on  the  Gulf  delta,  south  of  Marcellus,  ranging  from 
860  down  to  800  feet,  and  for  the  several  stream-cut  cliffs  on  the  south- 
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east  and  eastern  faces  of  the  terraces  woni  by  the  currents  in  their  north 
ward  flow  to  reach  the  Cedarvale  escape. 

LAKE  DANA 

The  growth  of  the  Gulf  delta,  which  had  been  northward  in  the  dia*c 
tion  of  flow,  was  terminated  by  the  cessation  of  the  Gulf  river.  Thi 
was  caused  by  the  further  recession  of  the  ice  front,  allowing  the  hyiH> 
Warren  waters  to  enter  the  Otisco  valley  directly  from  the  north.  Thi 
change  had  no  effect  upon  the  Cedarville  channel,  which  remained] 
effective.  When  in  the  down-cutting  of  the  Marcellus  shales  the  under- 
lying limestone  was  reached,  a  check  wasgiven  to  rapid  erosion,  and  the 
great  lake  that  had  here  its  outlet  became  comparatively  stationary'  for 
a  long  time.  It  is  believed  that  this  was  the  lake  which  produced  the 
Geneva  beach  *  (see  page  44). 

The  head  of  the  Cedarvale  channel  is  at  the  southeastern  edge  of  the 
village  of  Marcellus.  It  is  about  50  feet  above  the  Nine  Mile  creek,  ami 
leads  directly  away  from  the  valley  with  a  width  between  one- fourth 
and  one-third  of  a  mile  (plate  6,  figure  1).  About  50  rods  east  of  the 
north-and-south  road  that  lies  on  the  cliannel  head  the  rock  sill  wa.*? 
excavated  by  a  cataract  to  a  depth  of  30  or  40  feet.  The  deepened  chan- 
nel trends  east  for  nearly  one-half  mile,  then  narrows  to  perhaps  7U) 
feet  and  trends  southeast  for  a  mile,  widening  to  1,200  feet,  then  Uike? 
an  eastward  course  and  spreads  out  into  a  branch  of  the  Onondaga  val- 
ley, where  the  great  delta  was  built.  The  channel  bottom  is  now  con- 
cave and  the  erosional  form  destroyed  by  the  wash  from  the  walls  of 
decomposing  shale.  The  lower  part  of  the  later  channel,  after  it  had 
trenched  its  earlier  delta,  is  shown  in  plate  6,  figure  2. 

The  rock  strata  at  the  head  of  the  channel  dip  southward.  On  the 
north  side  of  the  intake  the  limestone  is  exposed,  but  on  the  southeni 
and  lower  part  of  the  rock  sill  the  Marcellus  shale  is  not  wholly  reniovei^l, 
but  cut  into  three  shallow  channels  with  two  intervening  ridges  of  shale. 
Taking  as  datum  the  United  {States  Geological  Survey  bench-mark  on 
the  coping  of  the  bridge  in  the  village  as  653  feet,  the  elevations  at  the 
intake  are  as  follows : 


Limestone  sill  at  road  (•ornere,  north  side 696  feet. 

Channel,  15  rods  wide  (not  entirely  open)   684 

Ridge  of  shale 690 

Channel,  3  rods  wide  (only  a  hollow) 684 

Ridge  of  shale  689 

Channel,  8  rods  wide  (free) 685 

♦See  Bull,  Geol.  Soc.  Am.,  vol.  8,  pp.  281-284. 
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The  height  of  the  rock  sill  at  the  intake  is  practically  that  of  the  tops 
of  the  ridges,  and  averages  691  feet.  The  limestone  exposed  at  the  north- 
ern angle  of  the  channel  head  will  average  about  700  feet  elevation. 

The  correlation  of  the  Geneva  beach  with  this  channel  at  Marcellus 
is  wholly  theoretical.  Only  uncertain  evidences  of  the  Geneva  Beach 
water  have  been  seen  east  of  the  Seneca  valley,  but  doubtless  because  no 
serious  search  has  been  made.  However,  our  knowledge  of  the  problem 
is  sufficient,  with  the  aid  of  the  topographic  sheets  (partly  unpublished) 
of  the  critical  region  in  the  vicinity  of  Syracuse,  to  give  great  confidence 
in  the  accuracy  of  this  correlation.  It  is  desirable  to  have  a  distinctive 
name  for  this  important  stage  of  the  hyper-Iroquois  waters,  and  it  is 
propo.sed  to  name  it  after  the  eminent  man  who  led  American  geologists 
in  the  adoption  of  the  glacial  theory  and  in  making  glaciology  a  branch 
of  geologic  science,  and  to  call  it  lake  Dana. 

The  extent  of  this  lake  remains  to  be  determined,  but  it  probably  oc- 
cupied the  area  of  lake  Warren,  diminished  by  a  fall  of  about  180  feet. 
This  will  carry  it  westward  throughout  the  Erie  basin,  but  not  into  the 
Huron  basin.  Search  should  be  made  for  faint  evidences  180  di  feet 
under  Warren  level. 

I^ake  Dana  existed  many  years,  perhaps  a  century,  or  several  centuries  j 
yet,  as  compared  with  lake  Warren,  it  had  a  brief  life.  It  came  to  its 
close  by  the  melting  away  of  the  ice-front  from  the  district  between 
Marcellus  and  Syracuse  sufficient  to  allow  eastward  escape  of  the  hyper- 
Irocjuois  waters  through  a  lower  pass  than  the  Cedarvale  channel. 

Onondaga  Valley 

This  valley  was  the  basin  of  a  glacial  lake  with  early  outlet  southward 
through  the  depression  occupied  by  the  Tully  lakes.  The  valley  has  a 
length,  from  Syracuse  to  Tully,  of  about  fifteen  miles,  and  is  much  more 
irregular  in  form  than  the  other  no rth-and -south  preglacial  valleys.  A 
wide  branch  on  the  west,  the  South  Onondaga  valley,  carries  the  west 
branch  of  the  Onondaga  creek.  A  heavy  moraine  heads  the  valley  and 
extends  from  the  divide  at  the  Tully  lakes  northward  for  two  miles. 
The  Onondaga  creek  rises  some  miles  west  of  the  valley,  which  it  enters 
by  a  ravine  at  the  north  end  of  the  moraine  filling.  Like  all  the  drift 
at  the  heads  of  these  eastern  valleys,  the  moraine  is  very  gravelly,  and 
the  hills  are  really  kames.  The  head  of  the  divide  is  not  a  swamp  col, 
but  an  area  of  knolls,  with  only  indefinite  channels,  being  in  this.regard 
like  the  divides  at  the  head  of  Cayuga  inlet,  Keuka,  Canandaiga,  Hem- 
lock, and  Warsaw  valleys.  The  water-parting  was  originally  north  of 
all  the  Tully  lakes,  which  naturally  drained  south.    The  elevation  of 


58      H.  L.  FAIROHILD GLACIAL  WATERS  IN  FINGER  LAKES  RECJION 

the  divide  is  about  1,200  feet.  The  smaller  northern  lakes  seem  to  oc- 
cupy kettles  in  the  moraine  filling.  The  outlet  channel  may  be  regarded 
as  beginning  below  the  lower  lakes — C-rooked  lake  and  Tully  (Big)  lake, 
which  have  an  elevation  of  1,193  and  1,189  feet.  These  are  shallow, 
and  probably  lie  in  depressions  due  to  ice  blocks.  The  Tioughniojra 
valley,  which  heads  at  this  point,  will  be  discussed,  with  its  heav}'  de- 
trital  deposits,  at  some  future  time. 

In  some  features  the  Onondaga  valle}"  duplicates  the  Otisco  valley. 
The  ingress  of  Warren  and  Dana  waters  was  by  the  great  Cedarvale 
channel  from  the  northwest,  with  a  great  north-curving  delta ;  the  egress 
of  those  waters  was  b}^  a  series  of  rock  channels  leading  east  from  near 
the  north  end  of  the  valley,  south  of  Syracuse.  There  had  been  :i 
similar  overflow  of  the  earlier  middle-height  waters  to  the  west  and  a 
reception  of  waters  from  t)ie  east-lying  valley.  Butternut  creek. 

The  waters  which  were  held  at  the  highest  level  in  the  Onondaga 
valley  were  called  in  the  former  article  the  '*  Tully  Valley  "  lake,  after 
a  hamlet  of  that  name  five  miles  north  of  the  divide.  This  name  is 
equivocal  and  it  is  here  proposed  to  substitute  the  name  of  another  and 
larger  village,  lying  two  miles  farther  north,  and  call  the  high  waters  the 
^^  Cardiff 'Make. 

The  Cardiff  lake  continued  until  the  ice-sheet  had  receded  as  far  as 
South  Onondaga,  when  the  waters  found  esca])e  westward,  to  tlie  Otisoo 
valley,  by  a  pass  at  Joshua  about  60  feet  lower  than  the  Tully  channel, 
or  1,140  feet.  The  swampy  col  is  one-half  mile  southwest  of  Joshua 
postof!ice,  and  the  narrow  but  good  channel  leads  southwest  to  Aniher, 
at  the  foot  of  Otisco  lake,  where  it  deposited  a  delta  with  conspicuous 
terraces  at  940  feet  elevation  (see  figure  1).  With  a  little  farther  re- 
moval of  the  ice-dam,  another  similar  but  larger  channel  was  opened 
120  feet  lower.  The  swamp  col  is  one  and  one-half  miles,  northwest  of 
Navarino  village.  The  channel,  about  20  rods  wide,  leads  south,  close 
to  Navarino,  on  the  west,  and  enters  the  Otisco  valley  just  north  of  Amber, 
its  delta  lying  against  the  Joshua  river  delta  and  having  the  same  eleva- 
tion, 940  feet.  This  second  glacial  lake  in  the  Onondaga  valley,  pouring 
its  waters  west  ultimately  into  Lake  Warren,  may  be  named  after  a  vil- 
lage in  the  valley.  South  Onondaga  lake. 

.  Further  recession  of  the  ice-sheet  allowed  the  Warren  waters  access  to 
the  valley  by  the  Marcellus-Cedarvale  pass,  probably  holding  them  for 
a  time  at  t)ie  Warren  level,  880  -f  feet,  and  subsequently,  when  eastern 
escape  was  opened,  receiving  them  by  the  Cedarvale  river  and  discharg- 
ing them  eastward  by  the  channels  near  Jamesville.  Subsequently  and 
for  a  long  time  the  waters  of  lake  Dana  followed  the  same  course 
through  the  valley.     This  third  lake  ma}^  be  named  "Onondaga  Val- 
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ley  "  lake,  after  the  southern  suburb  of  Syracuse.  The  elevations  of  this 
lake  and  of  the  terraces  of  the  Cedarvale  river  delta  were  ordered  by 
the  heights  of  the  series  of  outlets  southeast  of  Syracuse,  near  Janiesville, 
which  are  described  below. 

CEDARVALE    CHA^iXEL    ASJ)    DELTA 

These  are  the  finest  examples  of  such  combined  phenomena  in  western 
New  York.     The  head  of  the  channel  and  upper,  narrow,  rock  excava- 
tion near  Marcellus  have  already  been  described  (see  page  56  and  plate 
G,  figure  1).     The  total  length  of  the  present  channel  from  Marcellus  to 
Soutli  Onondaga  is  about  nine  miles,  of  which  the  lower  six  is  mostl}' 
a  broad  preglacial  valle}'  that  the  Cedarvale  river  filled  with  delta  drift, 
and  subsequently  reexcavated  in  part.     The  delta  is  of  magnificent  size 
and  form,  even  in  its  present  fragmentiiry  state.     It  is  separated  into 
two  great  masses.     The  higher  and  upper  portion  is  a  great  i)lateau  south 
of  C'edarvale  postoffice,  with  area  of  more  than  one  square  mile.     The 
terrace  which  forms  the  head  of  the  delta  is  indicated  on  the  Tully  sheet 
bv  the  contour  of  860  feet.     Lower  extensive  terraces  eastward  are  840 
and  820  feet  elevation.     The  southeastern  third  of  this  great  remnant  is 
a  broad  plain  of  680  feet  elevation.     Evidently  the  broad  open  valley 
west  of  Cedarvale  must  have  been   filled  with  delta  drift.     A  conical 
mound,  over  40  feet  high,  of  cemented  gravel,  stands  conspicuously  in 
the  open  valley,  one  mile  northwest  of  Cedarvale,  as  a  witness  to  the 
general  filling  at  the  sub- Warren  level  and  subsequent  erosion  by  the 
Cedarvale  river.     A  stretch  of  open  valley  about  one  mile  wide,  exca- 
vated by  tlie  later  stream,  separates  the  Cedarvale  delta  mass  from  that 
at  South  Onondaga.     This  village  is  situated  on  a  600  feet  terrace  of  a 
great  island-like  plateau,  having  a  summit  level  of  about  770  feet  and 
an  extended  eastern  terrace  of  66(M)70  feet.*    This  nniss  is  over  a  square 
mile  in  area.    Still  lower  terraces  stretch  east  and  then  north  two  and  one- 
half  miles,  with  faces  cut  by  stream  action  similar  to  those  in  the  Marcellus 
valley.     These  lie  partly  in  the  Onondaga  Indian  reservation.     South  of 
tlie  creek  and  south  and  southeast  of  the  village  of  South  Onondaga  is  a 
broad  delta  plain  somewhat  over  640  feet  elevation,  with  lower  terraces 
southeastward.     The  head  of  this  southward  delta  plateau  was  built  by 
a  southern  stream  pouring  down  the  valley  slope  from  Joshua,  600  feet 
higher.     The  power  of  this  lateral  stream  is  exhibited  in  a  highway  ex- 
cavation where  the  deposit  is  a  itass  of  boulders  ranging  in  size  up  to 
two  and  three  feet  in  diameter. 


•These  Hfcure^  of  altituile  atK>ui  the  Onondnga  valley  are  tnki^n  from  tho  iinpiihliMhed  Tully  and 
^kuneatt^les  !>he«U  of  the  New  York  topographical  map  and  may  require  fiome  correction;  but  they 
-»r«»  ruffirieotty  aecurato  todiscrifninate  tho  neveral  delta  levels  and  correlate  them  with  the  deter- 
riiiuing  outletfs. 
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Standing  on  the  delta  it  is  seen,  much  more  plainly  than  the  above 
figures  indicate,  that  the  several  terraces  fall  under  three  general  levels. 
The  highest,  860  feet  and  downward ;  the  middle,  770  feet  and  downward 
and  the  lower  from  680  feet  downward  to,  perhaps,  500  feet.  These  three 
levels  correlate  with  east  and  west  rock  channels  that  drained  the  Onon- 
daga Valley  waters  eastward  into  Butternut  valley,  and  which  may  now 
be  very  briefly  described.     The  channels  are  shown  in  figure  1,  page  54. 

CHANNELS   NEAR   JAMESVILLE 

The  highest  of  these  old  waterways  heads  about  one  mile  northeast 
of  Onondaga  Castle  postoffice  and  leads  east  over  two  miles,  to  the  But- 
ternut valley,  south  of  Jamesville,  and  opposite  the  reservoir,  aft^r 
which,  in  default  of  a  better  name,  we  will  call  it  the  Reservoir  channel 
(plate  7).  At  the  divide  the  channel  is  cut  about  100  feet  in  Marcellus 
shale,  wnth  a  floor  width  of  about  30  rods  (plate  7,  figure  1).  Land  of 
Mr  Charles  Byrnes  forms  the  north  wall  of  the  cut  at  the  divide,  which 
is  given  an  elevation  on  the  unpublished  Tully  sheet  between  840  and 
860  feet.  At  the  edge  of  the  Butternut  valley  the  descending  channel 
reaches  the  limestone,  and  the  ancient  river  had  a  cataract  there  of  40  or 
60  feet  descent. 

In  the  earlier  work  of  this  river  it  made  a  southward  loop  around  a 
great  drumlin  mass,  and  during  most  of  the  life  of  the  river  the  drumlin 
was  probably  an  island.  The  loop  channel  forms  more  than  half  a  circle 
three-fourths  of  a  mile  in  diameter,  is  of  excellent  form  and  of  interest- 
ing relation  to  the  more  direct  waterway  (plate  7,  figure  2). 

About  one  mile  north  of  the  Reservoir  channel  is  another  scourway 
across  the  high  ground  having  a  summit  elevation  of  about  760  feet. 
This  becomes  about  a  mile  north  of  west  of  Jamesville  a  gorge  in  the 
limestone  headed  by  a  semicircular  cataract  cliff*  1(>0  feet  high  and  40l> 
feet  across  the  amphitheater  (plate  9,  figure  1).  In  the  depression  ex- 
cavated by  the  falling  water  lies  Green  lake,  60  feet  deep.  Professor 
Quereau  has  named  the  gorge  the  Jamesville  gorge  and  renamed  the 
lake  Jamesville  lake.* 

The  third  and  lowest  of  this  set  of  channels  (plate  8)  lies  a  little  over 
one-half  mile  north  of  the  Jamesville  gorge.  In  its  altitude,  form, 
preservation  of  features,  and  accessibility  to  observation,  it  is  the  han<l- 
somest  glacial  lake  outlet  channel  in  the  State.  The  western  end  of  the 
channel  (plate  8,  figure  1)  is  three  miles  southeast  of  the  center  of  the 

•Thin  cimniiel,  with  Its  ttin^ulfir  catamot  phenomena,  Imis  been  described  by  Profep»or  E.  (' 
Quereau,  in  a  paper  entitled  "  Topography  and  Hintory  of  Jamesville  Lake,  N.  V.  "  :  Bull.  <*t^>l 
Soc.  Am.,  vol.  9,  p.  173.     In  thiH  paper  he  also  deseribes  briefly  the  general  topography  ot  tin*  re- 
gion and  the  relation  of  the  postglacial  channels  to  the  preglaciul  valleys. 
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city  of  Syracuse,  and  the  mouth  of  the  channel  is  something  over  one 
mile  north  of  James ville.  It  is  traversed  by  the  Delaware,  Lackawanna 
and  Western  railroad,  and  is  well  shown  on  the  Syracuse  sheet  of  the 
New  York  Topographic  map.  It  is  two  miles  long,  800  to  1,000  feet 
wide  at  bottom,  and  125  to  150  feet  deep  (plate  8,  figure  2).  The  nearly 
vertical  bare  walls  of  limestone  have  given  it  the  local  name  of  **  Rock 
cut."  The  term  "  railroad  '*  channel  will  be  more  distinctive,  since  it  in 
the  only  cliannel  so  utilized  of  the  series  here  described.  Unlike  the 
channels  in  shale,  merely  the  edges  of  the  channel  floor  are  covered  by 
a  talus.  The  floor  is  very  nearly  level  throughout  the  breadth  and 
length  of  the  channel,  with  an  elevation  on  the  topographic  sheet  over 
540  feet.  It  lies  about  130  feet  above  the  Onondaga  and  the  Butternut 
valle3's. 

The  following  table  will  indicate  the  correlation  that  fuller  study  of 
the  phenomena  and  closer  determination  of  altitudes  will  undoubtedly 

confirm : 

* 

Ktevations  of  principal  terrace  leveln  on  KlevutionH  of  outlet  channels. 

Ce<larTtile-8outh  OnundairR  delta.  ,  ...  .         ,^ 

InUtal.        Fi^esent. 

rpi)er  level 8*50        Reservoir  UOO  (?)        840-f 

Midaie  level    770       Jamesville    (?)        760rb 

Ix>werlevel 680  to  500       Railroad 700  (?)        540— 

The  lower  part  of  the  Onondaga  valley,  toward  Syracuse,  shows  water 
levels  from  the  Railroad  channel  level  down  through  lower  hyper-Iroquois 
levels  to  Ihe  later  Iroquois  440  ±:  feet. 

Butternut  Valley 

a EN ERA L  CHARACTER 

Like  the  Onondaga  valley,  the  Butternut  valley  impounds  at  present 
no  lake  of  conseciuence.  This  is  a  narrow,  deep,  curving  valley  reach- 
ing from  four  miles  north  of  Jamesville  south  to  Apulia,  a  distance  of 
about  16  miles,  and  traversed  by  the  Syracuse  branch  of  the  Delaware, 
liackawanna  and  Western  railroad.  The  primitive  outlet  of  the  glacial 
waters  is  at  the  head  of  the  valley  near  Apulia  station.  Here  is  a  very 
extensive  gravel  moraine  or  kame  area  at  the  junction  of  four  valleys. 
The  swamp  col  is  one  mile  south  of  Apulia  station  and  the  channel 
leads  southwest  past  Tully  village  and  joins  the  outlet  of  the  glacial 
Onondaga  at  the  head  of  the  Tioughnioga  creek.  This  channel  is  a  well- 
defined  and  capacious  waterway  below  the  col  for  some  distance,  but 
nearing  Tully  the  deeper  ^nd  later  channel  is  curving  and  narrowed. 
The  railroad  lies  in  this  primitive  channel  its  whole  length.  The  alti- 
tude of  the  col  is  1,240  ±  feet.     Some  inconspicuous  delta  terraces  are 
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visible  from  the  railroad  upon  the  east  side  of  the  Butternut  valley,  but 
no  study  has  been  made  of  the  water-levels.  The  walls  are  steep  and 
the  side  streams  weak,  and  the  shore  phenomena  is  not  pronounce<l. 
There  are  no  villages  in  the  valley,  and  the  lake  may  be  named  the  But- 
ternut lake. 

The  Apulia  outlet  probably  remained  eftective  while  the  ice  barrier 
receded  10  miles,  or  to  within  8  miles  of  Jaraesville.  Then  a  somewhat 
lower  pass  westward  was  uncovered,  which  has  been  cut  to  1,200  +  feel 
elevation,  according  to  the  Tully  sheet.  This  channel  is  about  four  miles 
south-southwest  of  Jamesville  and  the  divide  is  upon  a  north-and-south 
road  near  the  house  of  Mr  Edward  Russell.  It  is  a  rock  channel,  in 
shale,  perhaps  15  rods  wide  at  the  col,  leading  southwest,  then  north- 
west, and  debouching  into  the  Onondaga  valley  at  the  Indian  village. 
It  carried  the  waters  of  the  second-phase  Butternut  lake  over  westward 
into  whatever  waters  then  occupied  the  Onondaga  valley,  either  the 
Cardiff  lake  or  most  probably  lake  Warren  (see  figure  1,  page  54). 

The  local  Butternut  waters  were  possibly  drained  to  a  third  level  by 
an  eastward-leading  channel  two  miles  east  of  Jamesville  and  on  the 
south  side  of  the  Manlius  road.  Being  by  the  *' Green"  station  of  the 
New  York  State  survey,  it  may  be  called  Greens  channel.  Here  is  a 
trench  20  rods  wide  in  the  black  shale  which  carried  the  overflow  of 
Butternut  waters  east-northeast  to  the  Limestone  valley  at  Manlius. 
The  exact  elevation  of  this  waterwav  is  not  determined,  but  it  is  in  the 
neighborhood  of  890  feet.  The  initial  height  of  the  overflow  was  proba- 
bly 50  feet  above  the  present  channel  bottom.  The  reasons  for  not  con- 
fidently regarding  this  channel  as  primarily  a  member  of  the  hypo- 
Warren  or  hyper-Iroquois  series  are:  (1)  its  probably  too  great  initial 
elevation,  and  (2)  its  position.  The  relative  position  and  trend  of  the 
several  large  hyper-Iroquois  channels  (see  figure  1)  and  the  orienta- 
tion of  the  drumlin  masses  indicate  that  the  ice-front  had  a  trend  some- 
what northeast  and  southwest,  and  the  Greens  channel  might  have  been 
open  for  eastward  escape  of  the  high  local  Butternut  waters,  while  the 
Reservoir  channel  was  still  ice-covered  and  the  Warren  waters  barred 
from  the  Butternut  valley.  However,  it  is  possible  that  this  cut  was 
deepened  by  the  eastward  escajie  of  Warren  waters,  and  if  so  it  was  the 
first  spillway.  The  honor  of  being  the  channel  of  first  eastward  flow 
certainly  lies  between  this  Greens  chaimel  and  the  Reservoir  channel. 
This  can  not  be  positively  determined  without  better  knowledge  of  the 
relative  land  deformation  and  the  precise  elevation  of  the  Warren  plane 
in  this  locality  and  a  close  examination  and  comi)arison  of  the  two 
channels. 

By  way  of  review  of  the  glacial  lake  history  up  to  the  stage  now  under 
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discussion,  it  should  be  remembered  tliat  previous  to  this  time  all  the 
glacial  waters  to  the  west  of  this  meridian,  except  the  primary  local  lakes 
and  lake  Newberry  (which  lakes  flowed  south  across  the  divide)  were 
drained  westward,  ultimately  into  the  Mississippi.  But  during  that  time 
of  westward  flow  lake  Warren  had  crept  eastward  along  the  ice-front  as 
far,  probably,  as  the  Onondaga  valley,  with  a  surface  elevation  between 
880  and  900  feet,  and  the  local  lakes  had  one  by  one  been  destroyed 
by  lowering  into  the  invading  Warren  waters.  The  Mohawk  valley  was 
now  apparently  cleared  of  ice,  at  least  sufficiently  to  allow  of  eastward 
drainage  to  the  ocean,  which  then  occupied  the  Hudson  valley.  The 
critical  locality,  where  the  glacier  last  dammed  the  Warren  waters  from 
eastern  flow,  seems  to  have  been  east  and  west  of  Jamesville.  When 
the  ice-front  over  the  Butternut  and  Tiimestone  valleys  receded  as  far  as 
Jamesville,  the  Warren  waters  found  their  first  eastward  escape  toward 
the  Mohawk,  and  all  the  waters  of  the  Finger  lakes  region  were  suddenly 
diverted  from  westward  flow  to  eastward  flow. 

The  earliest  eastern  outlet  of  lake  Warren  extinction  was  possibly  the 
Reservoir  channel,  the  Warren  waters  standing  in  the  Otisco  and  Onon- 
daga valleys.  If  it  was  the  Greens  channel,  then  the  Warren  waters  were 
also  occupying  the  Butternut  valley.  But  with  the  down-cutting  of  the 
eastern  outlets  the  waters  lowered  upon  the  pass  over  the  Corniferous 
escarpment  west  of  Marcellus,  at  the  head  of  the  Gulf  channel,  and  this 
became  for  considerable  time  the  topmost  waste  weir  of  the  series  of  east- 
ward-leading channels. 

The  later  waters  held  in  the  Butternut  valley,  contributed  successively 
by  the  three  great  channels  leading  from  the  Onondaga  on  the  west,  may 
be  called  the  glacial  Jamesville  lake.  Its  level  was  falling  as  the  eastern 
outlets  changed. 

The  east-and-west  ice-front  was  probably  so  close  to  the  rivers  flowing 
east  tlirough  the  Jamesville  channels  that  the  waters  were  practically 
forced  across  the  narrow  Butternut  valley  and  the  land  eastward,  and 
we  find  corresponding  channels  to  Limestone  valley,  which  will  now  he 
describe<l. 

CHANNELS  LEADING  EAST  FROM  BUTTERNUT  VALLEY 

The  earliest  of  these  waterways  has  been  already  described  as  the 
(Jreens  channel  (page  62).  If  this  carried  Warren  waters,  then  it  was 
the  first  eastward  escape,  and  it  was  not  in  continuation  of  any  river 
flow  from  the  west.  The  water  brought  into  the  valley  by  the  Reservoir 
('hannel  during  the  early  life  of  the  latter  was  carried  out  by  a  channel 
one  and  one-half  miles  east  and  northeast  of  Jamesville.  At  the  second 
road  comers  east  of  the  village  this  may  be  seen  as  a  broad  scourway  in 
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the  limestone  with  a  northeastward  direction.  The  east  bank  of  the  olti 
river  is  conspicuous,  but  tJie  west  bank  is  less  definite,  as  tlie  ice-sheet 
limited  the  river  upon  that  side.  North  of  the  road  the  channel  is  bare 
limestone  where  the  river  had  rapids  in  its  hastening  to  the  cataract  that 
may  be  seen  about  one-half  mile  north  of  the  road.  The  canyon  from 
t)ie  cataract  leads  north  over  one-half  mile  to  White  lake,  and  then  swings 
east- northeast  to  the  limestone  valley  at  High  Bridge,  one  mile  south  of 
Fayetteville.  The  cataract  will  be  shown  upon  the  Tully  topopjraj>hic 
sheet,  while  the  canyon  is  depicted  upon  the  Syracuse  sheet.  The  chan- 
nel at  the  intake  near  the  road  corners  is  780+  feet,  according  to  the 
map.  We  will  name  this  the  High  Bridge  channel.  This  channel  was 
abandoned  while  the  Reservoir  channel  was  yet  effective,  as  tlie  moutli 
of  the  latter,  south  of  Jamesville,  is  cut  broadly  into  the  rock  at  a  lower 
level,  about  6oO  feet. 

No  entirely  separate  channel  corresponds  east  of  the  Butternut  valley 
with  the  Jamesville  canyon.  The  escaping  waters  seem  to  have  laved 
the  retreating  glacier  front  and  to  have  cut  a  series  of  cliffs  on  the  south- 
eastern shore  as  they  flowed  toward  the  High  Bridge  channel. 

A  western  branch  of  the  High  Bridge  channel  forms  a  fairly  direct 
eastward  continuation  of  the  Railroad  channel.  The  intake  is  given  on 
the  Syracuse  sheet  as  500+  feet.  This  is  a  broad  ijcourway  in  decoin- 
])osed  Salina  shales,  leading  by  rapids  to  the  High  Bridge  gorge  at  White 
lake.  The  north  side  of  these  channels  is  not  adequately  portrayed  by 
the  20  feet  contours  of  the  map,  nor  is  the  morainic  topography. 

A  third  or  northwest  branch  of  the  High  Bridge  channel  is  a  few  feet 
lower  than  the  western  branch,  and  was  the  latest  waterway  leading  eivst 
from  the  Butternut  valley.  The  High  Bridge  river  built  a  delta  in  the 
Limestone  valley  at  High  Bridge.  The  summit  plateau  northwest  of  the 
village  is  given  an  elevation  on  the  Syracuse  sheet  of  600  fecft. 

The  Butternut  valle}'  is  so  narrow  at  Jamesville,  being  scarcely  njore 
than  a  ravine,  that  it  afforded  scant  space  for  delta  accumulation.  an<l 
the  debris  was  probably  carried  on  by  eastward  flow,  while  later  streauj- 
work  carried  any  lingering  detritus  north  into  Iroquois  waters. 

Channels  lkading  East  from  Limkstone  Valley 

The  last  members  of  this  remarkable  series  of  channels  occur  nortli- 
east  of  Fayetteville,  and  they  carried  the  falling  waters  out  to  the  0}»en 
Iroquois  plain.  There  are  two  gorges,  the  higher  and  earlier  having  two 
branches.  These  are  depicted  on  the  Chittenango  sheet.  The  earliest 
canyon  heads  as  a  cataract  (plate  9,  figure  2)  two  and  one-half  miles  east 
of  Fayetteville,  on  the  east  side  of  a  north-and-south  road,  with  an  ele- 
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ration  at  the  rapids  of  840-1-  feet.  The  cataract  and  canyon  head  are 
comparable  to  those  of  the  Jamesville  gorge,  being  of  lesser  depth  and 
without  a  lakelet.  The  bottom  of  the  amphitheater  and  canyon  ie  a 
smooth  meadow.  The  canyon  leads  northeast  one  mile  and  joins  the 
east-and-west  Pools  Brook  hollow,  which  has  an  elevation  somewhat 
over  520  feet,  and  opens  near  Mycenae  upon  the  plain  at  460  to  480  feet 
elevation.  The  western  end  of  this  hollow,  toward  Fayetteville,  is  ap- 
parently obstructed  with  knoUy  drift.  The  col  is  about  one  mile  east 
of  Fayetteville,  with  an  elevation  of  about  560  feet. 

Northeast  of  Fayetteville,  about  one  mile,  is  the  head  of  another  chan. 
nel.  with  elevation  by  the  map  of  540  feet,  which  leads  quickly  down  to 
the  low  plain  400  to  420  feet.  Round  and  Green  lakes,  which  lie  in  the 
channel  course,  the  latter  with  418  feet  elevation,  have  been  examined  by 
Mr  Gilbert,  who  pronounces  them  sinks  due  to  underground  drainage. 

These  easternmost  channels  may  have  been  deserted,  due  to  earlier 
removal  of  the  ice  barrier  from  this  locality,  while  the  Railroad  channel 
and  perhaps  the  High  Bridge  channel  were  still  effective. 

It  will  be  observed  that  the  Mycenae  channel  terminates  at  a  level 
above  that  of  even  the  later  Iroquois.*  Dr  Gilbert  has  noticed  tliis  and 
suggesjted  a  baselevel  of  water  in  the  eastern  Ontario  basin  due  to  an  ice- 
dam  in  the  Mohawk  valley.  The  suggestion  is  here  offered  that  perha])S 
a  lobe  of  the  ice  body  lying  in  the  Oneida  lake  depression  pressed  against 
the  high  ground  northeast  of  Oneida  village,  and  so  held  the  pre- Iroquois 
waters  of  this  locality  higher  than  the  Rome  col.  If  this  be  so,  tliere 
should  be  broad  waterways  between  Oneida  and  Rome  at  an  elevation 
over  500  feet. 

On  the  north  side  of  these  lower  eastern  channels  the  drift  is  de- 
cidedly' morainal,  much  more  so  than  is  indicated  by  the  topographic 
sheets.  This  is  especially  the  case  with  the  two  channels  east  of  Fayette- 
ville and  with  the  High  Bridge  channel. 

HyPKH-IrOQUOIS   ChANNKLS    NEAR   SYRACUSE 

The  fall  of  the  glacial  waters  in  the  Ontario  basin  from  the  Warren 
level  (880+  feet)  to  the  i)rimitive  Iroquois  level  (440 —  feet)  was  by  a 
series  of  leaps,  as  the  retreat  of  the  ice-front  uncovered  successively 
lower  channels  toward  the  Mohawk  valley.  The  district  from  15  miles 
southwest  of  Syracuse  to  12  miles  east  was  the  critical  region,  apparently 

•  It  iihould  be  understood  that  the  primitive  Iroquois  had  a  lower  level  on  its  noutheru  border 
than  the  later  lake,  on  account  of  the  lower  altitude  of  the  Rome  outlet,  and  that  during  the  long 
life  of  the  IroquoiH  its  waters  transgressed  thin  Hhore  and  buried  many  features  under  the  great 
*ilt  plain. 
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because  a  broad  expanse  of  the  low  Ontario  plain  (4(X)i  feet)  inet?b< 
abruptly  tlie  elevated  plateau,  and  here  the  ice-body  lingered  in  its  last 
effort  to  dam  the  Huron-Erie-Ontario  waters  from  the  Mohawk-Hiidj«on 
valley. 

The  water  escaping  eastward  from  the  Onondaga  valley  by  the  two 
higher  of  the  Jamesville  group  of  three  channels,  the  Reservoir  and 
Jamesville  gorges,  was  contributed  by  the  hypo- Warren  flood  from  the 
west ;  but  the  supply  for  the  Railroad  channel  caihe  from  lake  Dana 
through  its  outlet,  the  ('edarvale  channel. 

The  succession  of  events  and  relations!) ip  of  channels  subsequent  to 
lake  Dana  have  not  been  determined.  The  history  is  partial!}'  ob- 
scured in  the  low  Syracuse  district  by  the  changes  in  hydrograph\'  that 
have  occurred  since  the  ice  removal.  These  are:  (1)  the  possible  exist- 
ence of  a  pre-lro<iuois  water  body,  with  elevation  toward  500  feet,  and 
consequent  deltas  and  silting;  (2)  the  primitive  Iroquois,  with  elevation 
much  under  440  feet;  (8)  the  rise  of  Iroquois  to  440  feet  and  consequent 
filling  of  former  channels,  and  (4)  the  stream  erosion  subsequent  to  Iro- 
quois throughout  western  New  York. 

Dr  Gilbert  has  noted  some  east-and-west  channels  which  aresupposeil 
to  be  the  '*  tracks  of  Erian  drainage  "  along  the  ice-front  subsequent  to 
the  Dana  episode.  The  one^on  the  Marcellus  meridian  next  lower  than 
the  Cedarvale  gorge  is  conspicuous  along  the  Auburn  branch  of  the  New 
York  Central  railroad  from  west  of  Marcellus  station  to  beyond  Caniillu>. 
Between  Halfway  and  Marcellus  stations  the  channel  becomes  a  canyon 
with  an  estimated  altitude  of  the  bottom  of  about  450  feet.  Tliis  de- 
bouched  beyond  Camillus  into  the  low  plain  (400  feet),  now  occu|iie<l 
by  Onondaga  lake  (364  feet),  but  then  probal^ly  floode<l  !)y  the  earlier 
and  lower  Iroquois. 

A  channel  apparently  earlier  than  the  Camillus  gorge,  but  much  later 
than  the  Reservoir  gorge,  piisses  directly  through  the  heart  of  Syracuse, 
with  an  elevation  of  400  feet.  The  head  of  this  channel  is  one  mile  east 
of  Fairmount,  at  the  Solvay  Process  ('ompany's  cable  road,  in  Salina 
shale,  with  an  elevation  of  about  500  feet.  This  might  have  been  a  con- 
tinuation of  the  earlier  Camillus  river  before  it  had  cut  its  canyon. 

Land  Warping  in  Westkrn  New  York 

Precise  altitudes  of  the  several  shorelines  have  not  yet  been  secureil 
from  sufficient  number  of  far  separated  localities  to  yield  exact  data  con- 
cerning tlie  deformation  of  the  whole  area. 

Over  the  region  of  the  upper  Great  lakes  the  general  trend  of  the  iso- 
bases  or  lines  of  equal  deformation  have  been  calculated  by  Mr  Taylor, 
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and  accepted  by  Dr  Gilbert,  as  west  27  degrees  north  by  east  27  degrees 
south.  The  general  direction  of  greatest  uplift  is  normal  to  this  or  north 
27  degrees  east.  In  western  New  York,  including  the  Seneca  valley,  the 
isobases  drawn  between  fairly  well  determined  points  of  equal  elevation 
on  the  beaches  of  lakes  Newberry,  Warren,  and  Dana  have  a  direction 
lying  between  17  degrees  and  20  degrees  south  of  east.  This  indicates 
that  the  isobases  of  the  greater  area  are  curving  lines  with  convexity 
southward.     In  a  recent  paper*  Dr  Gilbert  has  so  represented  them. 

Data  are  now  lacking  for  the  accurate  projection  of  the  older  water- 
planes  eastward  of  the  Seneca  valley,  but  the  subsequent  Iroquois  shore 
phenomena  indicate  but  little  east-and-west  deformation,  or,  in  other 
words,  that  the  direction  of  tilting,  so  far  as  the  Iroquois  plane  is  in- 
volved, is  not  far  from  north-and-south  in  central  New  York.  The  Iro- 
quois beach  from  Hamilton,  Canada,  with  elevation  363  feet,  to  Rochester, 
New  York,  elevation  437  has  an  average  rise  of  0.66  foot  per  mile  along 
a  line  less  than  three  degrees  south  of  east.  At  the  same  rate  of  uplift 
the  Iroquois  plane  should  have  at  the  Rome  outlet,  which  lies  slighlty 
north  of  the  parallel  of  the  beach  at  Rochester,  an  elevation  of  more  than 
510  feet.  The  elevation  of  the  channel  floor  at  Rome  is  about  440  feet. 
It  therefore  seems  likely  that  in  central  New  York  the  isobases  of  the 
later  Iroquois  are  not  straight  lines,  but  curves  with  convexity  toward 
the  south.  Probably  the  older  water-planes  will  be  found  to  have,  east  of 
the  Seneca  valley,  isobases  trending  about  10  or  15  degrees  south  of  east- 

In  the  Erie  basin  the  Warren  plane  trends  from  Hamburg  to  Critten- 
den about  50  degrees  east  of  north.  Regarding  the  beach  elevation  at 
Hamburg  as  815  feet  and  at  Crittenden  (at  Lehigh  Valley  railroad  sta- 
tion) as  858  feet,  with  a  distance  of  23  miles,  the  average  rate  of  uplift 
is  1.87  feet  per  mile.  The  most  northerly  point  of  the  Warren  beach  in 
New  York  is  11.5  miles  from  Crittenden  along  the  same  line,  with  an 
elevation  of  887  feet,  giving  an  uplift  of  2.52  feet  per  mile.  From  Ham- 
burg to  the  northernmost  point  of  the  beach  (south  of  Smith  ville  station 
on  the  West  Shore  railroad)  the  average  uplift  is  therefore  a  trifle  over 
two  feet  per  mile  in  a  direction  23  degrees  nearer  the  isobase  than  the 
theoretical  direction  of  maximum  uplift,  north  27  degrees  east.  The 
latter  would  be  by  calculation,  2.17  feet  per  mile  and  proportionally 
greater  as  the  isobase  is  nearer  the  parallels. 

Only  in  the  Seneca  and  Cayuga  valleys  do  we  have  sufficient  north- 
and-south  distance  upon  the  shorelines  in  central  New  York  to  make 
any  estimate  of  value  regarding  the  northward  uplift.  The  shoreline 
phenomena  are,  in  those  valleys,  chiefly  wave-built  embankments  on 

•G.  K.  Gilbert :  Recent  Earth  Movement  in  the  Great  Lakes  Region.    Eighteentli  Ann.  Rep.  U.  8. 
Geol.  Surrey,  p.  WH. 
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delta  terraces.  Altitudes  of  water-planes  based  on  such  phenomena  con- 
tain an  element  of  error,  the  uncertainty  of  the  vertical  relation  of  bare 
and  spits  to  the  water  surface.  In  the  long  stretches  of  shorelines  about 
the  great  lake  basins  this  error  may  be  neglected,  but  it  becomes  serious 
in  the  short  distances  here  available.  The  Watkins-Newberry  plienomena 
have  also  another  factor  of  error.  The  down-cutting  of  the  Honseheads 
outlet  caused  a  lowering  of  the  water-level.  As  this  was  effected  during 
the  retreat  of  the  ice-front,  it  is  expected  that  the  higher  Watkins-New- 
berry phenomena  should  decrease  in  original  altitude  toward  the  north, 
and  therefore  would  apparently  decrease  the  effect  of  subsequent  north- 
ward land  uplifting.  This  error  does  not  pertain  to  the  Warren  phe- 
nomena, and  the  latter  have  been  most  relied  upon  in  estimating  the 
amount  of  deformation,  although  it  has  been  found  that  the  clearer  New- 
berry bars  have  in  general  about  the  same  height  above  the  Warren, 
namely,  100  feet. 

In  the  Seneca  valley  the  considerable  number  of  accurately  determined 
elevations  permit  generalization  regarding  the  north-and-south  defor- 
mation, notwithstanding  the  uncertainty  in  individual  cases  of  the 
vertical  relation  to  the  water-level.  In  the  southern  half  of  the  Seneca 
valley  the  deformation  of  the  Newberry  and  Warren  levels  is  about  1.5 
feet  per  mile  north-and  south,  but  in  the  northern  half  of  the  same 
valley  the  Dana  beaches  on  the  west  slope  show  a  northward  uplift  of  3 
feet  per  mile. 

It  appears,  therefore,  that  either  the  Seneca  valley  has  suffered  local 
warping  or  that  there  is  a  northward  increase  of  the  amount  of  tilting 
over  the  broader  area.  Both  may  be  true,  and  the  latter  seems  prob- 
able, since  Dr  Gilbert  finds  that  the  deformation  of  the  Iroquois  beach 
northward  from  Syracuse  is  5  feet  per  mile. 
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A  Reconnaissance 


During  the  excursion  of  the  Seventh  International  Geological  Congress 
to  the  Urals  in  the  summer  of  1897  the  writer  was  enabled  to  make  a 
number  of  observations  on  the  stages  of  dissection  reached  in  various 
parts  of  these  mountains.    Photographs  were  taken  from  many  summits 
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and  in  various  valleys  and  on  grades  offormerriver-cour8es,while  sketches 
and  profiles  were  made  from  these  and  many  other  points.  Within  the 
short  limits  of  a  month,  however,  only  a  very  small  area  could  be  visited, 
even  with  the  phenomenal  facilities  for  travel  in  an  undeveloped  region 
given  8o  freely  by  the  Czar  of  Russia  and  all  those  who  carried  out  his 
wishes ;  therefore  the  work  done  upon  the  dissection  of  this  mountain 
region  on  the  borders  of  Europe  and  Asia,  and  in  the  midst  of  a  vast  em- 
pire, can  only  be  considered  as  a  reconnaissance— a  first  attempt  to  solve 
the  problem  of  the  physiographic  development  of  the  Ural  mountains. 

In  putting  together,  several  months  after  the  trip  was  made,  the  results 
obtained  in  various  localities,  there  seems  to  be  such  an  accordance  in  the 
general  history  of  stream  development  that  the  writer  is  inclined  to  put 
forward  rather  strongly  his  impression  in  regard  to' the  s^ges  of  stream 
dissection,  gathered  from  two  trips  taken  across  the  central  portions  of 
these  mountains,  and  to  ofler  it  as  a  working  hypothesis  for  future  study 
of  the  development  of  the  Urals. 

Plan  of  Paper 

The  Russian  work  is  first  considered,  and  then  the  general  features  of 
the  Urals  are  described — the  planed  uplands,  the  ridges  rising  to  nearly 
the  same  elevations,  the  gentle  arch  formed  by  these  summits,  the  sum- 
mit-level plane  descending  gradually  to  the  west  until  it  merges  into  the 
upland  levels  of  the  great  plain  of  central  Russia.  The  upland  level  of 
Urals  is  shown  to  have  in  several  places  a  rather  steep  fall-ofi"  to  the  Sibe- 
rian plain,  though  in  other  places  the  plane  of  the  summits  merges  into 
that  of  the  great  Tertiary  deposits  of  northwestern  Asia.  The  quartzite 
peaks  and  the  other  masses  of  more  resistant  rock  which  rise  above  the 
general  summit  level  are  described,  and  a  general  discussion  is  given  of 
the  valleys  cut  beneath  the  main  planed  surface  of  the  Urals. 

Planation  in  general  is  next  taken  up,  and  a  distinction  is  sought  be- 
tween planed  surfaces  formed  in  four  ways :  First,  those  formed  by  rivers 
wearing  down  the  land  to  baselevel ;  second,  those  produced  by  the  attack 
of  the  sea  on  a  stationary  land-mass ;  third,  those  abrasion  surfaces 
resulting  from  sea  attack  on  a  slowly  sinking  land-mass;  fourth,  those 
approximations  to  a  uniform  level  due  to  more  rapid  wearing  of  higher 
summits. 

Various  parts  of  the  Urals  are  then  considered  in  detail,  and  the  stages 
of  dissection  seen  in  each  are  com})ared  and  contrasted  with  one  another. 
The  grade-plains  seen  in  various  localities  accord  so  well  in  relative 
breadth  and  elevation  that  the  conclusion  of  the  paper  is  that  the  most 
probable  history  of  the  dissection  of  the  Ural  mountains  consists  of  three 
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epicycles  or  divisions  of  the  present  cycle  of  erosion  since  the  first  up- 
arching  of  the  nearly  completely  planed  mountains  of  the  previous  cycle. 

Russian  Work 

The  indefatigable  labors  of  the  Russian  geologists,  notably  Karpinsky, 
Tschernychew,  Pavlov,  and  Nikitin,  have  brought  out  the  succession  of 
strata  and  the  geological  structure  of  Russia  in  so  many  localities  that 
it  is  now  possible  to  understand  the  main  structural  features  of  the 
country  and  to  make  out  much  of  the  physiographic  history  of  eastern 
Europe.  The  work  of  the  Geological  Survey  of  Russia  was  so  far  ad- 
vanced in  1892  that  a  geological  map  of  European  Russian  was  pub- 
lished. It  was  slightly  amended  and  added  to  in  the  edition  of  1897, 
and  this  generalized  statement  gives  one  a  graphic  picture  of  the  great 
geographic  features  of  Russia,  the  scale  of  the  map,  1 : 2,520,000,  being 
just  right  to  bring  them  out,  though  too  small  to  show  details.  The 
toi)ographic  maps  of  Russia,  on  the  scale  of  1 :  420,000.  are  not  so  good 
as  those  of  most  other  European  countries,  and  they  do  not  add  much 
to  the  conception  of  land  forms  obtained  from  a  study  of  the  geologic 
maps. 

The  two  great  plains — that  of  central  Russia  and  that  which  occupies 
nearly  the  whole  of  Siberia — stand  out  in  marked  contrast  to  the  smaller 
surrounding  areas  of  mountains.  Central  Russia  is  made  up  of  nearly 
horizontal  deposits  from  the  Permian  rocks  down  to  those  made  by  the 
recent  rivers,  as  they  ba&elevel  the  country  by  cutting  their  right  banks 
and  depositing  the  waste  on' their^left  banks.  Many  of  these  horizontal 
deposits  are  marine,  though  there  have  been  several  periods  of  land 
conditions,  as,  for  example,  the  Triassic  Ar  the  Recent.  This  whole  region, 
as  shown  by  its  deposits,  has  oscillated  back  and  forth  near  sealevel; 
now  a  little  above  and  now  a  little  below.  The  Siberian  plain  presents 
a  vast  expanse  of  Tertiary  accumulation. 

In  contrast  with  this  plain  structure  of  central  Russia  are  four  areas 
of  mountain  structure,  each  cut  off  from  the  others  by  large  bodies  of 
water.  Beginning  on  the  north  is  the  baseleveled  area  of  the  old  moun- 
tains of  Finland,  separated  from  the  Urals  by  the  Arctic  ocean.  On  the 
west  come  the  Baltic  sea  and  the  Carpathian  mountains,  with  their  vari- 
ous outliers,  including  the  old  mountains  west  of  Kiev,  which  are  thor- 
oughly planed  down  and  now  almost  completely  covered  with  Tertiary 
deposits.  On  the  south  are  the  Black  sea  and  the  Caucasus  mountains, 
while  on  the  east  are  the  Caspian  sea  and  the  Ural  mountains.  The 
problems  of  the  Caucasus,  the  Cari)athians,  and  the  old  mountains  of 
Finland  are  not  discussed  in  this  paper,  attention  being  given  only  to 


72      F.  p.  GULLIVER — PLANATION  AND  DISSECTION  OP  URAL  MOUNTAINS 


the  Urals  and  to  those  portions  of  the  great  central  and  Siberian  plains 
which  lie  next  the  mountains. 

The  Russian  field-workers  have  given  much  attention  to  the  age  of 
the  deposits  as  determined  by  their  contained  fossils,  to  their  superjjo- 
sition,  and  to  their  faulting ;  but  practically  no  work  has  been  done  on 
the  interpretation  of  the  geologic  history  of  the  Urals  from  a  study  of 


Figure  I.— Drainage  St^sUm  of  Ural  Mountains. 

the  forms  of  the  surface  as  controlled  by  the  underlying  structures.  An 
occasional  mention  of  a  harder  stratum  as  a  ridge-maker  is  found  in  the 
"  Guide  to  the  excursions  of  the  Seventh  International  Geological  Con- 
gress," but  no  systematic  use  of  form  is  made.  The  Russian  geologists 
have  not  yet  introduced  the  physiographic  method  of  the  Americans. 
This  paper  is  written  to  point  out  the  problems  in  the  line  of  physio- 
graphic work  needed  in  this  region  and  to  offer  a  suggestion  as  to  what 
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the  probable  result  will  be  when  the  necessary  field-work  is  done  in 
Russia.  It  draws  freely  on  the  facts  of  structure  as  worked  out  by  the 
Russian  geologists. 

Physiographic  Description  of  the  Region 
contrast  between  central  russia  and  the  urals 

From  the  poor  topographic  representation  of  the  Ural  mountains  as 
given  even  on  our  best  maps,  one  is  led  to  think  of  them  as  rising  sharply 
from  the  socalled  steppes  of  Russia  in  some  such  form  as  the  Rocky  moun- 
tains loom  up  west  of  Denver  when  one  approaches  them  across  the  Great 
plains  in  Colorado.  This  however  is  not  the  fact.  The  upland  slopes 
on  the  plains  are  found  to  merge  gradually  into  those  of  the  mountains, 
so  that  when  one  leaves  the  Volga  at  Samara  (see  map,  figure  1)  to  cross 
the  mountains  on  the  trans-Siberian  route,  he  cannot  say  just  when  he 
has  reached  the  Urals. 

The  country  around  Moscow  does,indeed,contrast  in  a  most  pronounced 
way  with  that  around  Slatoust ;  the  shallow  troughs  of  the  valleys,  the 
gentle  slopes,  the  flat  uplands,  the  high  state  of  cultivation,  the  large  farm- 
houses, and  the  richer  people  are  all  seen  on  the  plains,  while  in  the  dis- 
sected mountains  are  found  deeper  troughs,  steeper  slopes,  upland  ridges, 
a  lower  state  of  civilization,  smaller  houses,  and  poorer  people.  This 
marked  difference,  however,  is  really  nothing  more  than  the  usual  con- 
trast between  fertile  plains,  well  graded  and  sufficiently  watered,  and 
dissected  mountains.  The  boundary  line  between  these  two  contrast- 
ing areas  is  not  definite;  each  merges  into  the  other.  The  horizontal 
strata  of  the  plains  become  gently  inclined,  then  tilted,  and  finally,  in 
the  body  of  the  Urals,  the  rocks  are  folded  and  faulted. 

CHAFRANOWA  SECTION 

On  the  road  between  Samara  and  Ufa  we  were  given  the  opportunity 
to  walk  up  to  the  divide  between  two  tributaries  of  the  Kama  river  near 
the  little  village  of  Chafranowa.  Here  the  rocks  are  the  Pennian  and 
Permo-Triassic  or  Tartarian  series,  and  are  slightly  inclined,  dipping  a 
little  to  the  west.  These  beds  differ  from  each  other  in  resistance,  and 
so  the  harder  ones  stand  out  in  bolder  relief  from  the  softer  beds.  At 
this  village  of  Chafranowa  there  is  a  broad  shelf,  less  than  50  meters  be- 
low the  general  upland  level,  and  this  shelf  is  found  to  correspond  to  a 
certain  division  of  the  Devonian  series  (c) ;  but  when  standing  on  this 
upland  level  and  extending  the  same  with  the  eye  across  to  the  west, 
north,  and  east,  it  was  easy  to  perceive  that  this  plain  beneath  the  up- 
land was  also  present  in  a  good  many  localities  where  this  division  (c)  of 
the  Devonian  was  not  to  be  found.    The  relation  of  this  broad  shelf  to  the 
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upland  and  to  the  valleys  cut  beneath  it  is  shown  in  figure  2.    There  are 
a  few  isolated  summits  rising  a  few  meters  above  the  upland  in  this  region. 

I 


FiQURK  l.—Chafrawma  Section. 

The  valleys  in  the  present  stage  of  dissection  are  about  in  adolescence. 

THE  RIDGES 

After  one  has  passed  Ufa  the  character  of  the  upland  is  changed  from 
a  broad,  irregular,  inter-stream  upland  to  a  succession  of  upland  ridges, 
roughly  parallel  to  the  north  and  south  axis  of  the  Ural  mountain  fold- 
ing. These  ridges  represent  the  harder  or  more  resistant  rocks  which  have 
longer  withstood  the  subaerial  degradation.  The  view  from  the  summit 
of  almost  any  of  them  discloses  the  fact  that  each  rises  to  nearly  the  same 
elevation  as  those  on  either  side,  and  that  the  departures  from  uniformity 
fall  into  two  classes.  The  first  variation  from  uniformity  is  a  progr^ive 
increase  in  elevation  in  going  toward  the  center  of  the  Urals.  A  tangent 
surface  touching  these  ridges  would  arch  gently  from  a  few  hundred  meters 
near  Ufa  to  some  1,400  or  1,500  meters  where  it  rested  on  the  Urenga  ridge 
near  Slatoust.  So  gentle  is  this  arch,  however,  that  at  any  one  point  the 
ridges  seem  to  be  in  the  same  plane. 

The  second  class  of  variations  are  more  irregular.  Besides  the  valleys 
which  are  cut  beneath  this  ridge  plane  there  are  a  number  of  rock 
masses  rising  above  the  general  level. 

THE  MONADNOCKS 

In  looking  across  the  ridges  from  a  number  of  difierent  places  it  wa^* 
seen  that  here  and  there  a  few  points  rise  above  the  general  summit  level 
in  any  given  locality.  There  are  but  few  such  rock  masses  along  the 
western  edge  of  the  mountains  near  Ufa  or  Perm,  but  nearer  the  center 
of  the  mountain  area  these  commanding  peaks  above  the  ridges  were 
more  and  more  frequently  seen. 

Taganai  is  perha[)s  the  best  type  of  these  higher  summits.  Three 
summits  of  resistant  quartzite — Great,  Little,  and  Middle  Taganai — rise 
above  the  weaker  metamorphic  schists,  one  quartzite  bed  having  been 
faulted  to  produce  these  three  peaks.  From  the  foot  of  Great  Taganai 
there  is  a  most  extensive  view  of  the  Ural  summits  in  all  directions. 
The  general  accordance  in  elevation  is  nowhere  better  displayed;  extend- 
ing in  all  directions,  summit  after  summit  appears  rising  nearly  to  the 
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same  height  and  looking  as  if  some  mighty  carpenter  had  planed  away 
the  crests  of  the  mountain  folds,  leaving  here  and  there  a  knotty  place, 
which  had  been  too  tough  for  his  plane  to  cut.  These  knots,  or  ^*  mo- 
nadnocks,"  as  they  are  called  in  New  England,  from  the  typical  form  of 
mount  Monadnock  rising  above  the  New  England  peneplain  in  southern 
New  Hampshire,  wherever  studied  by  the  writer  in  the  Urals,  whether 
from  personal  observation  or  from  the  testimony  of  the  Russian  geolo- 
gists, are  always  of  more  resistant  rock  than  the  surrounding  masses. 
The  writer  introduces  the  term  "  monadnock"  at  this  point  because  it  was 
largely  from  the  form  of  these  **  knots  "that  he  concluded  that  the  Urals 
had  been  subaerially  baseleveled. 

Other  very  characteristic  monad  nocks  are  Alexandrovskaia,  IremeL 
and  several  less  striking  summits  on  the  Urenga  ridge. 

THE  EASTERN  SLOPE 

The  plain  of  the  summits  slopes  down  much  more  rapidly  on  the  east 
than  on  the  west  from  the  Ural  Taou  or  main  chain  of  mountains. 
This  is  shown  in  figure  3,  which  gives  a  generalized  section  across  the 
Urals,  showing  its  typical  forms.  As  shown  in  the  section,  there  is  a 
rather  steep  fall-oflf  from  the  summit  level  to  the  planed  surface  of  crys- 
tallines over  which  the  Tertiary  deposits  of  the  Siberian  plain  lie  on  its 
eastern  margin.    This  fall-off  is  not  everywhere  found,  but  in  some 


FiGURK  3. — Diagrammatic  Section  of  the  Urals. 

placas  farther  north  the  summit-level  plane  seems  to  dip  down  beneath 
the  Tertiary  deposits.  Any  theory  for  the  planation  of  the  Urals  must 
lake  into  account  the  presence  of  this  fall-off  in  some  places  and  its 
absence  in  others,  and  also  include  the  planed  crystallines  with  their  old 
stream  courses,  now  frequently  occupied  in  part  by  lakes,  as  well  as  the 
very  important  deposit  of  Tertiary  sediments  'farther  east.  Enough 
work  has  not  been  done  to  solve  this  problem,  so  that  the  discussion  here 
presented  is  simply  in  the  line  of  a  tentative  hypothesis. 

The  very  natural  suggestion  has  been  made  that  the  steep  fall- off,  as 
seen,  for  example,  at  Ilmen  mountain,  represents  the  attack  of  the  Ter- 
tiary sea  upon  the  Ural  mountains,  but  there  are  some  topographic  forms 
which  it  is  almost  impossible  to  explain  on  this  hypothesis.  How  were 
the  valleys  back  of  Ilmen  mountain  formed,  and  what  became  of  the  waste 
if  the  sea  came  up  to  this  point?  The  absence  of  a  sea-cliff  in  certain 
exposed  places  must  be  explained.  Another  difficulty  is  the  surface  of 
the  granite,  now  covered  with  decomposed  rock  to  greater  or  less  depths 
and  dotted  with  lakes.    The  lack  of  marine  deposits  in  front  of  this  fall' 
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off  makes  its  cliff  origin  seem  doubtful,  and  the  old  form  of  the  valleys 
and  the  decomjiosed  rock  in  place  point  toward  an  old  land  surface. 

If  this  low  crystalline  plain  to  the  east  of  Ilmen  mountain  is  an  old 
land  surface  worn  down,  its  relation  to  the  summit-level  ]dane  of  the 
Urals  must  be  explained.  It  surely  could  not  have  been  formed  as  the 
two  plains  stand  today,  and  if  the  two  were  once  continuous  there  must 
have  been  a  fault  along  the  eastern  base  of  Ilmen  mountain  after  the 
completion  of  the  planation.  If  this  hypothesis  prove  to  be  the  correct 
one,  then  this  Ilmen  fall-off  will  be  a  very  fine  example  of  a  fault  scarp. 

As  bearing  on  the  hypothesis  of  faulting  after  planation,  it  must  be 
mentioned  at  this  point  that  there  were  found  by  the  present  writer  at 
several  places  on  the  slopes  of  Ilmen  mountain  benches  which  accord  in 
elevation,  as  nearly  as  could  be  made  out,  with  the  grade-plains  found  in 
the  central  portions  of  the  Urals,  which  were  no  doubt  formed  by  streams 
after  the  uplifting  of  the  nearly  completely  planed  mountains. 

If  in  the  faulting  there  had  been  a  slight  tilt  of  the  crystalline  area  to- 
ward the  west,  then  the  streams  in  this  area  would  be  hindered  and  in 
many  places  ponded.  It  should  then  follow  that  the  lakes  would  be 
more  abundant  where  the  summit-level  plane  falls  off  more  steeply. 
This  is  a  question  for  further  field  study. 

VALLEYS  I y  THE  URALS 

Beneath  the  summit-level  plane  the  streams  have  carved  their  valleys, 
.dee|)er  in  the  central  portion  of  the  mountains  where  the  planed  land 
surface  hjid  been  uplifted  to  the  greater  amount,  and  shallower  where 
there  had  been  but  little  up-arching,  slower  in  tnore  resistant  strata,  and 
faster  in  the  weaker  ones  ;  but  the  striking  feature  of  all  the  valleys  is 
that  they  are  not  due  to  one  simple  uplift,  but  that  they  have  been  de- 
veloped during  a  series  of  successive  up-archings. 

Planation 
work  of  rivers 

The  logical  conclusion  from  a  study  of  the  weathering  of  rocks  and 
the  transportation  of  rock  waste  is  that  in  any  place  the  ultimate  and 
necessary  result  of  such  degradation  of  its  surface  must  be  the  reduction 
of  the  land  to  a  nearly  uniformly  level  plain  close  to  sealevel.  Powell, 
Dutton,  and  Gilbert  were  the  first  to  clejirlv  state  this  law  of  land  base- 
leveling,  after  their  study  of  the  widening  of  the  deeply  cut  canyons  of 
the  Colorado  plateau.  At  Harvard  Professor  Davis  has  worked  out  with 
his  students  many  of  the  characteristic  features  of  land  form  connected 
with  this  process.  The  controlling  plane  beneath  which  the  river  can 
not  cut  is  the  level  of  the  sea  at  the  mouth  of  the  river;  the  great  plane 
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of  reference  is  therefbre  the  ocean  level,  and  lakes  above  sealevel  or  seas 
like  the  Caspian  beneath  sealevel  are  local  baselevels  which  control  the 
plains  formed  by  the  rivers  emptying  into  them. 

As  long  as  there  is  a  steeper  grade  at  any  point  on  the  land  than  is 
just  sufficient  to  allow  the  water  to  drain  off  some  particles  of  land  waste 
will  be  carried  toward  the  sea  down  these  slopes,  and  though  the  process 
will  at  last  become  very  slow  in  operation,  it  must  continue,  if  the  land 
and  water  do  not  change  their  respective  levels,  Aintil  the  land  is  worn 
down  to  a  lowland,  with  the  very  gentlest  of  surface  inequalities,  but 
little  above  the  level  of  the  sea,  forming  almost  a  plain  or  peneplain. 

When  a  region  had  been  leveled  by  this  method  of  planation  .there 
would  generally  remain  as  witnesses  of  the  process  masses  of  rock  rising 
somewhat  above  the  general  level  of  the  peneplain.  These  woUld  con- 
sist of  more  resistant  rock  than  that  which  immediately  surrounded 
them,  though  the  highest  point  may  not  necessarily  be  the  hardest  rock 
in  the  whole  region,  and  such  masses  would  not  lie  close  to  large  river 
courses,  nor  be  as  numerous  near  the  sea,  which  formed  the  baselevel,  as 
at  some  distance  from  it.  Other  things  being  equal,  one  would  expect 
to  find  the  number  of  such  masses  of  rock  or  monadnocks  increasing  in 
numbers  the  farther  one  went  from  the  sea. 

The  stream  courses  on  the  surface  of  the  subaerially  planed  area  would 
he  largely  on  the  weaker  rocks,  while  if  the  cycle  of  down-cutting  had 
been  made  up  of  several  divisions  or  epicycles,  several  periods  of  elevation 
following  one  another  with  long  periods  of  wearing  down  between  each 
uplift,  this  adjustment  of  stream  to  structures  would  be  more  perfect* 

The  adjustment  of  drainage  is  the  best  method  known  of  distinguishing 
this  kind  of  planation  from  that  performed  by  the  sea.  The  lack  of  a 
cover  of  marine  sediments  is  negative  evidence  in  the  same  direction. 

WORK  OF  THE  SEA 

The  sea,  aided  by  the  atmospheric  agencies,  must  also  plane  the  land 
to  form  a  nearly  level  plain,  the  plain  of  marine  denudation  of  Ramsay  .f 
This  submarine  platform  is  formed  by  the  attack  of  the  sea  on  the 
land,  and  if  the  land  remains  stationary  the  sea  will  cut  into  it  strip  by 
strip,  depositing  the  greater  portion  of  the  detritus  in  a  continental  delta 
to  seaward  of  this  platform,  but  also  covering  the  portions  first  formed 
with  a  thin  cover  of  waste  from  the  later  abrasion.  This  cutting  is  lim- 
ited in  depth  by  the  power  of  the  waves  to  abrade  the  bottom,  the  limit- 
ing plane  forming  a  local  baselevel  or  ivave-baaeX  lying  beneath  the  general 
baselevel  formed  by  the  surface  of  the  sea. 


•  W.  M,  DhvIs*:  Bull.  Oeol.  Soc.Am.,  vol.  7,  189r>,  p.  31)5;  London  Geog.  Jour.,  vol.  v,  1895,  p.  140. 
tA.  r.  KHmfiAy  :  Denudation  of  South  Wale.*.     Mom.  (4eol.  Snr.  (ireat  Britain,  vol,  j,  184n,  p.  327  ; 
Phyf».  (ieol.  and  Cieog.  of  (ireat  Britain,  5th  ^d.,  1878,  p.  407. 
JProc.  Amer.  Acad,  of  Arts  and  8ci.,  vol.  xx.xiv,  1898,  p.  176. 

XII— Bull.  Geol-^Soc.  Am.,  Vol.  10,  1898 
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The  cover  of  unconformable  sediments  would  be  dissected  by  a  system 
of  consequent  drainage  when  the  land  was  elevated,  and  these  conse- 
quent streams  would  not  be  adjusted  to  the  structure  of  the  underlying 
rocks,  after  the  stripping  off  of  the  cover.  Thus  superposed  streams 
would  characterize  such  an  area,  in  contrast  to  the  adjusted  drainage 
normal  to  a  dissected  peneplain.* 

Harder  rock  masses  would  longer  resist  sea  action,  and  therefore  should 
be  found  as  projecting  tongues  of  land  above  the  plane  of  the  former  wave- 
base,  ideally  a  very  different  form  from  the  typical  monadnock. 

A  more  exhaustive  analysis  of  the  expectable  forms  produced  by  these 
two  planation  agents  would  be  helpful  in  studies  of  any  given  locality, 
such  as  that  of  the  present  paper.  Either  or  both  combined  may  have 
acted  to  form  such  surfaces  as  the  summit-level  plane  of  the  Urals,  the 
questions  being  which,  or  what  portion  by  river  and  what  by  sea  ? 

PLANATION  ACCOMPANIED  BY  SLOW  SINKING   OF  THE  LAND 

Von  Richthofen  t  considers  that  the  subaerial  agencies  would  be  un- 
able to  produce  broad  plains  on  dissimilar  structures,  and  that  the  sea 
acting  on  a  quiet  land  would  in  time  exhaust  its  power  of  land  attack. 
He  therefore  considers  that  all  planed  surfaces  are  produced  by  the  abra- 
sion of  the  waves  on  a  successive  series  of  sliorelines  in  a  slowly  sinking 
region.  The  present  writer  would  class  these  abrasion  surfaces  as  a 
special  form  of  sea-planed  surfaces,  perfectly  possible  and  doubtless 
actual  in  certain  regions. 

One  of  the  characteristics  of  this  class  of  planed  areas  would  be  the 
large  proportion  of  coarse  conglomerate  lying  on  the  abraded  surface. 
There  would  also  be  a  decided  inequality  of  the  abraded  surface,  accord- 
ing to  the  hardness  of  the  rocks,  the  more  resistant  kinds  standing  up 
out  of  the  water  in  each  epicycle  of  depression  and  becoming  covered 
with  the  waste  of  the  succeeding  epicycles.  The  form  of  these  masses 
would  be  very  different  from  the  subaerially  carved  monadnocks,  and 
the  planation  being  completed  step  by  step  would  give  a  much  less  con- 
tinuous plane  than  would  result  from  river  erosion. 

PLANA  TION  A  T  HIGH  ELEVA  TIONS 

Penck  has  described  J  still  another  method  of  forming  planed  surfaces, 
which  depends  on  the  fact  that  wearing  away  is  more  rapid  on  a  very 
high  summit  than  on  its  lower  neighbor.     Thus  there  would  be  a  tend- 

•  W.  M.  Davis  :  Bull.  (iool.  Soc.  Am.,  vol.  7,  IHfKV'lMi,  p.  :i»7. 

t  F.  von  Richthofen  :  China,  1882,  vol.  ii,  clmp.  xiv  :  FOhnM*  fur  Forschungsreinende,  Berlin,  Issk 
pp.  363-361. 
X  Albrecht  Penck  :  Morphologie  der  Erdoherfluohe,  Stuttgart,  1H94,  vol.  il,  pp.  161-165. 
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ency  for  high  mountain  summits  to  approach  the  same  elevation  in  a 
given  region  after  considerable  lapse  of  time.  It  must  be  distinctly  borne 
in  mind,  however,  that  the  process  would  not  tend  to  produce  broad, 
level  topped  summits  from  very  irregular  masses.  These  high-level 
planed  surfaces  might  be  confused  with  an  uplifted  peneplain  or  sub- 
marine platform,  which  had  been  dissected  to  late  maturity,  so  that  there 
were  no  broad  areas  of  undissected  upland ;  but  the  details  of  form  would 
in  nearly  all  cases  be  diflFerent. 

Too  much  care  cannot  be  taken  to  see  and  carefully  observe  the  topo- 
graphic forms  of  dissected  'planed  surfaces  from  the  proper  place  to 
bring  out  the  continuity  of  the  former  plain.  One  should  stand  on  the 
edge  of  the  yet  undissected  upland  in  order  to  look  across  ridge  after 
ridge  of  the  summits  approaching  this  level.  The  grades  formed  by  the 
lat^r  process  of  dissection  here  intersect  the  older  and  flatter  grades  of 
the  peneplain  or  plain  of  marine  denudation. 

Planation  in  the  Urals 

EVIDENCE  OF  SUB  AERIAL  DEGRADATION 

With  a  scheme  such  as  that  just  described  in  mind,  the  writer  studied 
the  Urals,  and  he  came  to  the  conclusion  that  it  was  highly  probable  that 
the  summit-level  plane  represents  the  action  of  subaerial  degradation. 
The  continuity  of  the  uplands  (plate  10,  figure  1)  and  the  accordance  of 
elevation  of  neighboring  ridges  are  too  great  to  have  been  the  result  of 
abrasion  of  a  continuously  sinking  land  attacked  from  east  and  west, 
and  for  the  same  reason  the  plane  can  not  be  the  result  of  high-level 
planation. 

The  forms  of  the  residual  hard  masses  rising  above  the  plane,  as  far 
as  seen,  are  typically  the  result  of  long  continued  land  carving ;  in  other 
words,  they  are  monadnocks. 

The  longitudinal  drainage  of  the  western  slope  of  the  Urals,  particu- 
larly that  of  the  Kama  and  Ufa  rivers  and  their  branches,  passing  through 
a  few  transverse  courses,  conforms  so  thoroughly  to  the  structure  that  it 
is  thought  to  have  originated  from  a  system  of  drainage  already  well 
adjusted  when  the  subaerial  planation  of  the  mountains  was  completed 
and  the  lowlands  up-arched.  It  does  not  seem  probable  that  such  perfect 
adjustment  could  result  from  streams  consequent  on  a  cover  overlying 
the  planed  surface.  Marine  planation  would  then  be  out  of  the  question, 
and  subaerial  planation  is  the  best  working  hypothesis  for  future  studies. 

DISSECTION  AT  UFA 

Ufa,  or  Oufa  according  to  the  French  spelling,  lies  at  the  junction  of 
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the  Sim  and  Ufa  rivers,  in  the  region  where  the  Permian  rocks  are  chang- 
ing from  the  horizontal  to  the  folded  structure  in  that  transition  field 
between  plains  and  mountains.  The  section  in  this  region  (figure  4)  is 
therefore  of  great  importance  in  connecting  the  grade-plains  in  the  moun- 
tains with  the  uplands  of  the  plains.    The  party  was  not  in  this  region 


FiuuRK  4. — Section  at  Ufa. 

long  enough  to  allow  any  excursions  back  on  the  uplands,  but  from  what 
the  writer  saw  he  is  inclined  to  group  the  upland  level  (?*,  of  figure  4)  of 
this  region  with  the  first  grade-plain  formed  beneath  the  upland  in  other 
sections  (see  5  -f-  1,  A  +  1,  etcetera,  of  figures  5  and  6).  In  these  sections 
the  writer  has  given  a  different  letter  to  each  ;  in  all  cases  representing 
the  upland  by  the  sinii)le  letter  and  giving  the  successive  grade-plains 
formed  beneath  the  upland  the  same  letter, with+  1,-1-2,  etcetera,  adde<l. 
There  are  two  aggradation  plains  al)ove  the  present  river  channels  in 
this  region,  the  upper  terrace  representing  the  late  Caspian  expansion 
and  the  lower  an  alluvial  terrace,  formed  since  the  Caspian  stage. 

GRADEPLAIXS  XEAR  SIMSK 

Along  the  Sim  river  the  writer  went  up  several  times  on  the  gratle- 
plains  above  the  river,  and  it  appears  quite  possible  that  the  upland  at 
Simsk  (s,  of  figure  5)  and  the  grade-plain  next  beneath  it  («  +  1 )  grad- 
ually approach  each  other  and  meet  somewhere  near  Ufa.  This  would 
mean  that  the  first  up-arching  of  the  Urals,  after  the  long  period  of  plana- 
tion,  did  not  extend  farther  west  than  the  area  between  Simsk  and  Ufa. 
The  uplands  in  this  whole  region  should  be  carefully  studied  to  test  this 
sugpjestion. 


Fmi'RK  5. — Simsk  Grade-plains. 


At  Simsk  were  two  well  marked  dissection  grades  between  the  upland 
and  the  present  river  grade  (figure  5).  The  estimated  relations  in  ele- 
vation of  these  plains  is  as  follows :  s  +  2  is  80  to  100  meters  above  tht^ 
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valley  floor ;  «  +  1  ia  some  50  meters  above  «  +  2,  and  8  is  not  over  100 
meters  above  «  +1. 


UST-KA  TA  W  DISSECTION 


Although  the  rocks  are  changing,  the  relative  elevation  and  breadth  of 
the  series  of  grade-plains  seen  at  Simsk  are  continued  eastward.     At 


Figure  &.—ProJiU  near  Ust-Katato. 


Ust-Kataw  the  same  two  dissection  planes  are  found  between  this  up- 
land and  the  river  bed  (figure  6). 


YUREZUSK  PLAIN 


On  the  road  to  Bakal  we  passed  the  little  village  of  Yurezusk,  where 
there  is  a  broad  expanse  of  the  plain  formed  in  the  second  epicycle  of 
dissection  following  the  long  cycle  of  planation.  This  is  unusually  broad 
with  reference  to  the  preceding  epicycle  (figure  7),  and  the  form  suggests 


FiouRK  7. —  Yurezusk  Grcuie-plmn. 

» 

that  the  rocks  here  have  been  easily  worn  away.     The  upland  level  on 
Sigalga  mountain  in  this  region  is  1,400  meters  above  sealevel. 

SVKA  MOUNTAIN 

One  of  the  broadest  plains  representing  river  grades  cut  below  the  up- 
land is  seen  west  of  Suka  mountain  (plate  10,  figure  2).  This  view  shows 
the  accordance  in  elevation  of  the  summits  (6  +  1,  of  figure  7),  which 
are  several  hundred  meters  above  the  lower  level  grade-plains  (6  -f  2), 
and  are  also  some  200  meters  below  the  summit-level  plane  in  this  re- 
gion. The  broad  tops  of  Suka  and  the  surrounding  ridges  rise  to  some 
1,200  meters  above  the  sea. 

TAGANAI  SECTIONS  NEAR  SLATOUST 

In  the  region  around  Slatoust  the  distinction  between  these  three 
plains  is  most  clear  and  decisive  (figure  8).    There  are  several  places 
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where  all  three  occur  together  and  alwaj's  with  the  same  relative  eleva- 
tion and  breadth;  therefore  this  point  is  peculiarly  favorable  for  begin- 
ning a  thorough  study  of  the  stages  of  dissection  of  the  Urals. 


FiQURK  a.—  Taganai  Sc4:tion. 

A  photograph  was  taken  west  of  Slatoust,  looking  toward  Ural  Taou 
(plate  10,  figure  3).  This  view  was  taken  a  few  meters  above  the  level 
of  the  grade-plain  (i  +  1,  of  figure  8),  in  order  to  show  the  successive 
ridges  rising  to  accordant  elevations. 

A  second  j)hotograph  (plate  10,  figure  4)  was  taken  from  the  foot  of 
Urenga  mountain  a  little  above  the  grade-plain  {t  +  2).  This  shows  a 
lake  on  t  -f  2(offigure8),  aglimpseof  <  +  1,  the  summit  ofthe  Ural  Taou 
forming  f,  and  Alexandrovskaia  peak  which  is  a  typical  monad  nock. 

DISSECTION  Wrn^T  OF  ILMEN  MOUNTAIN 

The  divide  in  the  Urals  passed,  the  same  grade-plains  are  seen  be- 
tween Alexandrovskaia  and  Ilmen  mountains  ;  the  same  relations  hold 
also  at  several  places  farther  north  on  the  east  slope.  The  steep  fall-off 
has  been  mentioned,  and  a  suggestion  made  to  account  for  it. 

Conclusions 

Although  not  all  the  facts  of  topographic  form  are  explained  by  his 
tentative  outline  of  the  history  ofthe  Urals,  still  there  are  so  many  facts 
which  support  it  that  the  writer  advances  with  some  confidence  the  fol- 
lowing working  hypothesis: 

First,  a  long  period  of  subaerial  planation,  leaving  a  few  monad  nocks, 
aided  on  the  margin  by  marine  planation,  the  limits  of  which  are  not  as 
yet  worked  out ;  second,  an  up-arching  ofthe  Urals,  the  axis  ofthe  move- 
ment and  the  line  of  greatest  uplift  being  a  little  east  of  the  middle  of 
the  mountains;  third,  a  long  period  of  stream  dissection  forming  broad 
j)lains  on  the  less  resistant  rocks ;  fourth,  a  second  up- arching,  generally 
of  less  amount  than  the  first,  with  the  axis  (in  the  region  studied)  not 
far  from  the  first ;  fifth,  a  second  period  of  stream  cutting,  not  so  long  as 
the  first;  sixth,  a  tliird  up-arching  ;  seventh,  the  cutting  of  the  present 
stream  grades,  during  which  time  occurred  the  Caspian  expansion. 
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Early  Investigations 

Several  travelers  of  the  eighteenth  century,  among  them,  especially, 
Ouettard,  Alexander,  and  Schoepf,  gave  more  or  less  important  infor- 
mation respecting  the  geological  structure  and  mineral  resources  of  our 
country;  but  geological  work,  properly  so  called,  began  only  with  Mac- 
hire^s  .**tudies  in  1806.  Born  in  Scotland,  Maclure  came  to  this  country 
in  early  youth,  and,  embarking  in  business,  acquired  a  fortune  long  be- 
fore reaching  middle  age.  He  returned  to  Europe  to  spend  several  years 
in  the  study  of  natural  science,  but  came  again  to  America  in  1806  to 
take  up  his  geological  work,  which  continued  until  1808. 

The  publication  of  his  results,  presented  to  the  American  Philosoph- 
ical Society  on  January  20,  1809,  led  others  to  make  studies,  and  soon 
afterwards  there  appeared  numerous  papers  dealing  with  geological  sub- 
jects. Professor  Samuel  L.  Mitchell,  a  devoted  follower  of  Werner,  in- 
fused much  of  his  enthusiasm  into  a  group  of  youthful  students  in  New 
York  and  induced  Professor  Archibald  Bruce  to  establish  the  American 
Journal  of  Mineralogy,  which,  beginning  in  1810,  reached  its  fourth  and 
Ia.«t  number  in  February,  1814.  Though  small  and  short-lived,  this  jour- 
nal served  a  useful  purpose :  it  contained  good  papers  by  Ackerly,  Gibbs, 
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Godon,  Mitchell,  Silliman,  and  others;  it  did  much  to  nurse  the  scien- 
tific tendency  which  led  to  founding  the  New  York  Lyceum  of  Natural 
History  in  1817,  and  some  have  thought  that  it  aided  in  like  manner 
the  founding  of  the  Philadelphia  Academy  in  1812.  Bruce's  Journal 
was  succeeded  in  1818  by  Silliman  s  American  Journal  of  Science,  which 
from  the  beginning  exerted  a  notable  influence  on  the  development  of 
geological  thought  and  work  in  our  country. 

By  1820  students  of  geology  had  become  so  numerous  that  the  Amer- 
ican Geological  Society  was  organized  in  New  Haven,  Connecticut,  where 
meetings  were  held  certainly  until  the  end  of  1828.*  The  last  survivor 
of  this  society  died  in  New  Haven  only  a  few  weeks  before  the  formal 
organization  of  our  Society,  in  1888.  The  prominent  men  in  1820  were 
Ackerly.  Bruce,  Cornelius,  Cleaveland,  the  two  Danas,  Dewey,  Eaton? 
Gibbs,  Godon,  Hitchcock,  Maclure,  Mitchell,  Rafinesque,  Schoolcraft 
Silliman,  and  Steinhauer,  but  there  were  some  young  men  who  began 
to  publish  within  two  or  three  years  afterwards  and  who  were  destined 
to  occupy  prominent  places  in  geological  literature  ;  of  these  Emmons, 
Harlan,  Lea,  Morton,  Troost,  and  Vanuxem  were  already  engaged  in 
investigation. 

Before  another  decade  had  passed,  there  were  groups  of  geologist.^ 
in  New  England,  New  York,  and  Pennsylvania;  while  Olmstead  and 
Vanuxem  had  made  preliminary  surveys  in  North  Carolina  and  South 
Carolina,  Troost  had  begun  the  survey  of  Tennessee,  and  Hitchcock  that 
of  Massachusetts. 

In  1832  the  Pennsylvania  geologists,  feeling  much  in  need  of  an  offi- 
cial survey  of  their  state,  organized  the  Geological  Society  of  Pennsyl- 
vania to  arouse  public  interest,  and  so  to  bring  about  the  survey.  The 
volume  of  publications  contains  papers  which  attack  geologic  and  eco- 
nomic problems  of  the  first  order.  The  investigations  were  not  confined 
to  Pennsylvania,  but  committees  were  appointed  to  examine  important 
matters  in  other  states  that  the  worth  of  geological  work  might  be  made 
obvious.  Beyond  doubt,  the  efforts  of  this  society  had  much  to  do  with 
securing  the  first  geological  survey  of  Pennsylvania,  though  no  member 
of  the  society  was  appointed  on  the  staff. 

It  is  the  fashion  now  and  then  to  laugh  at  these  old  papers.  True 
enough,  in  the  light  of  our  present  knowledge,  many  of  the  statementv^ 
respecting  Appalachian  structure  are  absurd,  but  they  were  made  by  men 
who  without  state  aid,  without  instruments,  and  without  maps  laid  a 
foundation  upon  which  the  keen-eyed  men  of  the  first  Pennsylvania 
survey  built  that  superstructure  which  endured  close  reexamination  by 


♦I  am  indebted  to  Professor  H,  S.  Williani««  for  information  respecting  this  society. 
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the  second  survey  and  proved  the  honesty  and  ability  with  which  the 
work  had  been  performed. 

The  Association  of  American  Geologists 

But  geplogy  was  becoming  too  broad  in  scope  and  its  workers  too 
numerous  to  be  embraced  in  a  merely  local  society,  even  though  the 
list  of  correspondents  was  as  large  as  that  of  the  active  members.  The 
work  in  Massachusetts  was  approaching  completion  ;  that  in  New  Jersey 
had  been  completed ;  the  surveys  of  Maine,  Connecticut,  New  York, 
Pennsylvania,  Maryland,  Delaware,  Virginia,  Ohio,  Michigan,  and  Indi- 
ana had  been  begun,  and  before  1840  New  Brunswick,  Rhode  Island,  and 
Kentucky  were  added  to  the  list.  Several  of  these  surveys  had  large 
corps  of  workers  pushing  their  studies  with  all  the  enthusiasm  of  a  new 
calling.  In  the  Appalachian  region  of  Massachusetts,  New  York,  Penn- 
sylvania, and  Virginia  serious  problems  were  encountered,  which  could 
not  be  solved  within  the  compass  of  a  single  state.  A  right  understand- 
ing of  the  work  done  in  one  state  was  necessary  to  a  right  understanding 
of  the  work  done  in  the  adjoining  state.  Correspondence  proved  a  fail- 
ure; incidental  or  casual  talks  led  to  misunderstandings;  systematic 
conference  was  necessary,  with  generous  contribution  by  each  of  his 
knowledge  to  the  other. 

On  April  2,  1840,  as  the  result  of  a  conference  held  at  Albany  in  1839, 
eighteen  geologists  met  at  the  Franklin  Institute,  Philadelphia,  and 
organized  the  Association  of  American  Geologists,  with  Professor  Ed- 
ward Hitchcock  as  the  first  chairman.  .  Among  them  were  the  state 
geologist  of  Massachusetts,  six  geologists  of  the  New  York  survey,  six 
of  the  Pennsylvania  survey,  two  of  the  Michigan,  and  three  not  connected 
with  any  public  work.  Mr  Martin  H.  Boye  is  the  only  survivor  of  the 
eighteen.  The  succeeding  meetings  in  Philadelphia  and  Boston  were 
attended  by  many  geologists,  of  whom  only  Boye,  0.  P.  Hubbard,  and 
J.  P.  Lesley  remain.  A  volume  published  in  1843  contains  several 
papers  which  made  a  deep  impress  on  American  geology.  In  it  are  the 
five  great  memoirs  on  Appalachian  conditions  by  the  Rogers  brothers 
Hall's  noteworthy  discussion  of  the  Mississippi  basin  section;  Hitch- 
cock's elaborate  discussion  of  the  drift,  as  well  as  numerous  contribu- 
tions by  other  members. 

Professor  Hall  said  on  one  occasion  that  the  inspiriting  effect  of  these 
meetings  could  not  be  overestimated.  As  one  of  the  youngest  members, 
he  was  impressed  by  the  mental  power  of  those  great  men,  all  untrained 
in  geology  except  Taylor,  whose  instruction  under  William  Smith  proved 
advantageous  in  many  ways,  but  very  disadvantageous  in  others,  as  it 
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had  provided  him  with  a  generous  stock  of  well  set  opinions.  Though 
wholly  self-taught,  working  in  a  country  sparsely  settled,  without  ba- 
rometers, without  railroad  cut^,  oil  borings,  mine  shafts,  or  any  of  the 
helps  so  necessary  for  us,  those  men  had  elaborated  systems,  had  made 
broad  generalizations,  liad  learned  much  respecting  tlie  succession  of  life. 
and  had  discovered  the  keys  which  in  later  years  were  to  o[»en  mys- 
terious recesses  in  European  geolog}'. 

The  American  Association  for  the  Advancement  of  Science 

But  the  geologists  were  not  permitted  to  flock  by  themselves.  Tlie 
advantages  of  contact  were  so  manifest  that  the  naturalists  asserted 
their  claims  to  relationship  with  sufficient  energy  to  secure  admis5<ion 
in  1841,  and  the  name  Association  of  American  Geologists  and  Natural- 
ists appeared  in  the  constitution  adopted  at  the  1842  meeting.  The 
number  of  scientific  men  was  still  comparatively  small,  and  in  most  of  the 
colleges  the  several  branches  of  natural  science  were  embraced  in  one 
chair,  so  that  there  were  many  professors  who  could  lay  claim  to  the 
title  of  geologist,  physicist,  naturalist,  or  chemist,  as  they  pleased.  Men 
of  this  type,  as  well  as  physicists,  chemists,  and  mathematicians,  con- 
stantly urged  the  propriety  of  broadening  the  scope  of  the  association 
so  as  to  adn)it  workers  in  all  branches  of  science. 

In  1842  the  first  series  of  surveys  practically  came  to  an  end,  and  the 
geologists  were  scattered,  many  of  the  younger  men  being  compelled  lu 
enter  other  callings.  The  Association  held  its  meetings  regularly,  but 
its  strength  diminished,  and  in  1848  it  yielded  to  the  outside  pressure, 
beconiing  merged  into  the  American  Association  for  the  Advancement 
of  Science,  which  threw  its  doore  wide  open  to  all  entertaining  an  in- 
terest in  any  branch  of  science.  The  first  meeting  of  the  new  organiza- 
tion had  a  roll  of  461  members. 

Comparatively  little  was  done  in  geological  work  between  1842  and 
the  close  of  the  civil  war.  Professor  Hall  maintained  the  New  York 
survey,  after  a  fashion,  but  at  very  considerable  pcK'uniary  cost  to  him- 
self; surveys  were  carried  on  in  a  number  of  states,  but  except  in  Illi- 
nois and  California  they  were  mostly  reconnaissances  by  small  corps; 
the  annual  apj)ropriations  in  several  instances  were  little  more  than 
enough  to  pay  traveling  expenses,  so  that  the  work  and  the  reports  were 
practically  gifts  to  the  states;  the  federal  government  sent  topographic 
expeditions  into  the  western  country,  most  of  them  accompanied  by  a 
surgeon  who  had  more  or  less  knowledge  of  geology.  Under  such  con- 
ditions the  number  of  geologists  did  not  increase,  and  when  the  Ameri- 
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can  Association  was  divided  into  sections,  in  1875,  the  geologists  and 
naturalists  became,  not  Section  A,  but  Section  B. 

Development  op  geological  Work  after  the  Civil  War 

The  rapid  development  of  the  country's  internal  resources  during  the 
war  and  the  attendant  growth  in  manufacturing  interests  made  neces- 
sary increased  efficiency  in  scientific  training,  and  enormous  gifts  were 
maile  to  our  leading  institutions  for  that  purpose.  The  importance  of 
geological  know^ledge  had  become  very  evident  during  the  development 
of  iron,  coal,  and  oil  resources,  and  the  geologist  found  himself  elevated 
suddenly  from  a  ]>lace  surrounded  by  suspicion  to  a  post  of  honor.  As 
an  outgrowth  of  the  restless  activity  due  to  the  war  came  anxiety  to 
learn  more  accurately  the  resources  of  our  western  domain  beyond  the 
hundredth  meridian.  The  War  Department,  through  its  engineer  corps, 
organized  the  Fortieth  Parallel  Survey,  in  charge  of  Clarence  King,  and 
two  years  afterward  authorized  Lieutenant  (now  Major)  George  M. 
Wheeler  to  undertake  what  afterward  became  the  United  States  Geo- 
grajihical  Surveys  West  of  the  Hundredth  Meridian.  Mr  Kings  survey 
was  primarily  for  geological  work,  that  of  Lieutenant  Wheeler  primarily 
for  topographical  work,  but  each  in  its  own  field  did  all  the  work,  geo- 
lojrical  or  topographical,  necessary  to  the  accomplishment  of  the  allotted 
task.  The  Interior  Department  had  charge  of  Dr  F.  V.  Hayden's  sur- 
veys, beginning  in  1867,  as  well  as  of  the  work  prosecuted  by  Major  J.  W. 
Powell  after  1870.  The  consolidation  in  1879  of  all  the  organizations 
then  existing  into  the  United  States  Geological  Survey  put  an  end  to 
useless  rivalries  and  made  possible  the  formation  and  execution  of  broad 
plans  requiring  a  high  grade  of  j)reparation  in  those  engaged  on  the 
work. 

While  these  surveys  were  advancing  in  the  far  west,  great  activity 
prevailed  in  the  older  area.  Within  a  decade  after  the  war  ended  state 
surveys  were  undertaken  in  New  Hampshire,  New  Jersey,  Pennsylvania, 
Ohio,  Indiana,  Kentucky,  Michigan,  Wisconsin,  Minnesota,  Iowa,  Mis- 
souri, and  other  states,  while  the  Canadian  survey,  which  had  gone  on 
uninterruptedly  from  the  early  forties,  was  made  more  extendeil  in  char- 
acter. Several  of  the  state  surveys,  being  well  supported  by  generous 
appropriations,  employed  large  corps  of  a.ssistants,  paid  and  volunteer, 
and  were  prosecuted  with  great  energy.  Under  these  conditions  Section 
E,  that  of  Geolog}'  and  Geography,  grew  rapidly  and  soon  became  one 
of  the  strongest  in  the  American  Association  for  the  Advancement  of 
i^cience. 

The  conditions  which  rendered  imperative  an  association  of  geologists 
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in  1840  were  the  present  conditions  in  1880,  but  more  oppressive.  The 
problems  of  1840  were  chiefly  those  of  a  narrow  strip  within  the  Appa- 
lachian area ;  those  of  1880  concerned  the  whole  continent.  Geologists 
were  increasing  in  numbers,  but  opportunities  for  making  personal  ac- 
quaintance were  few.  Meetings  of  societies  in  midsummer  could  be  at- 
tended only  by  those  who  were  not  connected  with  official  surveys  or  were 
detached  for  office  work.  Workers  were  gathering  into  little  groups  on 
geographical  lines  and  there  was  danger  that  our  geology  would  become 
provincialized.  Members  of  one  group  regarded  those  of  another  with 
a  feeling  not  altogether  unrelated  to  suspicion ;  letter- writing  took  the 
place  of  personal  communication,  with  too  often  the  not  unusual  result 
of  complete  misunderstanding,  with  the  attendant  personal  irritation  or 
worse. 

The  Geological  Society  of  America 

In  1881  the  tension  was  such  that  several  geologists  connected  with 
official  surveys  urged  the  formation  of  a  geological  society  to  bring  about 
closer  bonds  among  geologists,  and  they  succeeded  at  the  meeting  of 
the  American  Association  in  securing  the  appointment  of  a  committee 
to  consider  the  matter.  The  geologists  of  the  country  were  consulted 
and  a  report  showing  that  the  consensus  of  the  replies  favored  the  or- 
ganization of  such  a  society  was  presented  in  1882,  as  well  as  in  1SS'>, 
but  without  any  result.  The  Association's  committee  on  the  Interna- 
tional Geological  Congress  considered  the  question  in  1887  and  an- 
nounced approval.  Professors  N.  H.  Winchell  and  C.  H.  Hitchcock,  «i? 
chairman  and  secretary  of  the  18^1  committee,  issued  a  call  asking  geol- 
ogists to  assemble  at  Cleveland,  Ohio,  on  August  14,  1888,  to  form  a 
geological  society. 

A  large  number  of  geologists  and  other  members  of  Section  E  assem- 
bled on  the  afternoon  of  that  day.  Professor  Alexander  Winchell  pre- 
sided and  Dr  Julius  Pohlman  was  secretary.  Ai>  earnest  discussion 
respecting  the  type  of  society  to  be  founded  occupied  most  of  the  after- 
noon. The  plan  suggested  in  the  call  looked  only  to  an  expansion  of 
Section  E  of  the  American  Association  by  holding  meetings  at  times 
better  suited  than  summer  to  the  convenience  of  geologists.  A  differ- 
ence of  opinion,  however,  quickly  developed,  for  some  knew  that  no  such 
expedient  would  suffice,  because  the  conditions  called  for  something 
more  definite.  Loyalty  to  the  American  Association,  which  for  forty 
years  had  been  the  bond  between  scientific  men,  held  many  back  from 
an  extreme  position ;  yet  every  one  recognized  that  little  injury  could 
come  to  the  Association,  as  at  best  only  a  few  geologists  could  attend 
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summer  meetings.  In  any  event,  it  was  clear  that  the  interests  of  geology 
required  the  formation  of  a  society  with  severe  restrictions  upon  mem- 
bership and  with  publications  which  would  be  a  credit  to  American 
science.  A  compromise  prevailed,  whereby  the  original  members  enti- 
tled to  take  part  in  organization  must  be  members  of  Section  E  of  the 
American  Association,  and  that  all  members  of  Section  E  might  enroll 
prior  to-the  first  meeting,  if  they  so  desired.  This  last  provision  caused 
not  a  little  anxiety,  as  membership  in  any  section  of  the  Association 
predicates  nothing  more  than  a  friendly  feeling  for  science — whatever 
that  may  mean. 

A  committee*  was  appointed  to  prepare  a  plan  of  organization  with  a 
provisional  constitution.  The  committee's  report  onthe  morning  of  the 
fifteenth  provoked  debate,  as  the  provisional  constitution  placed  a  posi- 
tive limit  upon  the  membership  by  pennitting  after  the  organization 
only  working  geologists  and  teachers  of  geology  to  become  members  and 
by  requiring  a  three-fourths  vote  for  election.  The  organization  was  to 
be  effected  when  the  list  of  original  members  contained  one  hundred 
names.  The  provisional  constitution,  with  a  few  unimportant  amend- 
ments, was  agreed  to  unanimously,  and  the  committee  was  continued 
as  a  committee  of  o|*ganization.  The  details  of  arrangements  were  placed 
in  the  hands  of  Professors  A.  Winchell  and  Stevenson. 

Happily  the  high  dues  and  a  general  belief  that  no  society  could  be 
formed  on  the  proposed  basis  kept  the  list  of  Original  Fellows  from 
being  swollen  by  those  whose  relation  to  geology  began  and  ended  with 
attendance  upon  the  American  Association's  meetings.  The  committee 
was  enabled  from  the  very  outset  practically  to  choose  the  men  who 
should  make  the  Society.  The  required  number  having  been  obtained 
by  the  1st  of  December,  a  meeting  was  held  at  Ithaca,  New  York,  on 
December  27,  1888.  Only  thirteen  were  present,  but  ballots  of  prefer- 
ence had  been  received  from  seventy-two  Fellows,  in  accordance  with 
which  the  organization  was  completed  by  the  election  of — 

President James  Hall. 

,^.      ^      . ,  I  James  D.  Dana. 

Vice-Presidente {  Alexander  Winchell. 

Secretary John  J.  Stevenson. 

Treasurer Henry  S.  Williams. 

{John  S.  Newberry. 
John  W.  Powell. 
Charles  H.  Hitchcx>ck. 

*Thi9  committee  conRisted  of  Alexander  Winchell,  J.  J.  StevenHon,  (-.  H.  Hitchcock,  John  R. 
Procter,  »nd  Edward  Orton. 
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The  matter  of  publication  was  discussed  at  great  length,  but  no  defi- 
nite decision  could  be  reached,  and  a  committee  was  appointed  to  con- 
sider the  whole  question,  with  instructions  to  present  a  report  at  the 
summer  meeting.  Another  committee  was  appointed  to  prepare  a  per- 
manent constitution,  to  be  presented  at  the  next  meeting. 

The  Advisory  Committee  on  Publication,  another  name  for  Professcir 
W  J  McGee,  made  an  elaborate  investigation  of  the  whole  question  of 
publication,  and  in  August,  at  Toronto,  presented  the  report,  accom- 
panied by  a  printed  example  of  the  form  recommended.  This  report 
was  adopted,  and  at  the  close  of  the  following  meeting  Professor  McGee 
was  chosen  as  the  first  Editor,  that  the  recommendations  might  be  car- 
ried out  faithfully.  Our  Bulletin,  which  marked  a  new  stage  in  scien- 
tific publications,  owes  its  excellence  of  form  and  accuracy  of  method  tf» 
his  indefatigable  persistence.  His  determination  to  secure  exactness  in 
all  respects  proved  not  wholly  satisfactory  to  man)'  of  us,  but  before  he 
demitted  his  charge  the  justice  of  his  requirements  was  conceded  on  all 
sides.  The  discipline  to  which  the  Fellows  of  this  Society  were  sub- 
jected by  the  first  Editor  has  served  its  purpose,  and  editors  of  other 
scientific  publications  have  found  their  labors  lightened  and  their  hands 
strengthened  in  efforts  to  produce  similar  reforms  elsewhere.  His  mantle 
fell  upon  Mr  J.  Stanley-Brown,  who  inherited  a  double  portion  of  bis 
spirit,  so  that  the  high  standard  of  the  Bulletin  has  been  maintained 
without  abatement. 

Fears  and  misgivings  abounded  when  it  was  discovered  that  this 
Society  was  a  success  from  the  start.  The  American  Association  for  the 
Advancement  of  Science  had  been  the  one  societv  for  so  manv  vear< 
that  attempts  at  differentiation  seenied  to  be  efforts  to  cut  away  the  pil- 
lars of  scientific  order ;  but  the  tears  were  merely  nightmare ;  our  Society 
has  proved  itself  an  efficient  ally  of  the  association. 

Our  net  membership  at  the  close  of  the  first  year  was  187.  The  new 
constitution  placed  severer  restrictions  on  membership  by  requiring  a 
nine-tenths  vote  for  election,  the  ballot  being  by  correspondence  and 
shared  in  by  all  the  Fellows.  This  has  kept  the  number  within  reason- 
able limits,  and  we  now  have  237  Fellows,  our  roll  including  almost  all 
of  those  who  by  strict  construction  of  our  constitution  are  qualified  for 
membership. 

Owing  to  the  rigid  administration  of  our  affairs  by  Professor  Fairchild 
and  I)r  White,  who  have  piloted  us  for  eight  years,  our  financial  condi- 
tion is  satisfactory  and  the  income  from  the  permanent  fund  now  goes 
far  toward  covering  the  cost  of  administration. 

Throughout,  the  Society  has  held  closely  to  investigation.  The  recon- 
dite problems — those  of  little  interest  to  many,  of  no  interest  to  most— 
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are  those  which  have  held  the  attention  of  our  Fellows — work  in  pure 
rather  than  in  applied  science ;  there  has  been  no  trenching  upon  the 
field  of  the  mining  engineer.  As  a  storehouse  of  fact  and  of  broad,  just 
generalization,  the  volumes  of  our  Bulletin  are  excelled  by  those  of  no 
similar  publication. 

We  close  our  first  decade  justly  gratified  by  success  and  full  of  hope 
for  the  future.  Some  of  those  who  led  us  and  gave  us  reputation  at  the 
beginning  are  no  longer  with  us.  Hall,  Dana,  and  Winchell,  the  first 
three  Presidents,  passed  away  in  reverse  order ;  Cope,  Cook,  Sterry-Hunt, 
Newberry,  and  a  few  others  have  gone  from  us,  but  the  Society  retains 
its  membership  with  changes  unusually  small,  showing  no  ordinary  de- 
gree of  physical  force  and  esprit  du  corps  on  the  part  of  its  Fellows.  As 
we  look  back,  we  recognize  how  far  this  Society  has  been  of  service  to  us 
as  men.  In  not  a  few  instances  misunderstandings  have  been  removed 
and  coldness  or  suspicion  has  been  replaced  by  personal  friendship. 
American  geologists  are  no  longer  a  disorderly  lot  of  irregulars  march- 
ing in  awkward  squads,  but  form  a  reasonably  compact  bod}',  though  as 
individuals  they  may  owe  allegiance  to  Canada, the  United  States,  Mexico, 
or  Brazil.  Every  one  of  us  has  felt  the  inspiriting  influence  of  personal 
contact. 

Relation  of  geological  Work  to  the  Public  Welfare 

But  our  Society  has  to  do  with  the  world  outside  of  itself  and  outside 
of  its  immediate  line  of  thought.  It  must  have  more  to  do  with  that 
world  in  the  future  if  the  outcome  for  science  is  to  be  what  it  should  be, 
for  the  time  is  approaching  rapidly  when  we  must  seek  large  sums  for 
aid  in  prosecuting  our  work.  To  retain  the  respect  of  the  community 
and  to  retain  influence  for  good,  we  must  be  ^ble  to  justify  the  existence  of 
a  society  devoted  to  investigation  as  distinguished  from  application.  The 
question, "  Cui  bono?"  will  be  asked,  and  the  answer  cannot  be  avoided. 

This  is  a  utilitarian  age — not  utilitarian  as  understood  by  those  who 
bemoan  the  decay  of  esthetic  taste,  or  of  those  who  feel  that  in  the  pass- 
ing of  Aristotle  and  Seneca  there  has  come  the  loss  of  intellectual  refine- 
ment, or  of  those  others  who  bewail  the  degeneracy  of  a  generation  which 
ha.s  not  produced  a  Kant,  a  Newton,  an  Aristotle,  a  Laplace,  a  Humboldt, 
or  an  Agassiz — all  regarding  the  decadence  as  due  to  the  degrading  in- 
fluence of  material  development  and  overpowering  commercial  interests. 

These  pessimists  stand  at  a  poor  point  of  view,  where  the  angle  of 
vision  is  narrowed  by  many  lateral  projections.  One  may  say  without 
fear  of  successful  contradiction  that,  in  so  far  as  actual  knowledge  is 
concerned,  students  of  our  day  receiving  graduate  degrees  in  the  more 
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advanced  universities  stand  on  a  somewhat  higher  plane,  each  in  \\\s 
own  group,  than  did  the  celebrated  men  just  named.  The  student  now 
reaches  beyond  where  they  ended,  and  still  is  at  on!}'  the  threshold,  for 
in  most  instances  years  of  labor  are  required  of  him  before  he  can  receive 
recognition  as  an  efficient  co-worker.  Men  towering  far  above  their  fel- 
low^s  and  covering  the  whole  field  of  knowledge  will  never  be  known  again. 
Kant,  Newton,  and  Humboldt  stand  out  from  their  fellows  as  sharply 
as  light-houses  on  a  level  shore ;  but  there  are  many  Kants,  Newtons,  and 
Humbold  ts  today.  Prior  to  the  last  seventy-five  years  the  field  of  actual 
knowledge  was  insignificant,  and  a  man  possessing  large  powers  of  obser- 
vation grasi)ed  the  whole.  Seventy-five  years  ago  one  man  was  expectal 
to  cover  the  whole  field  of  natural  science  in  an  American  college.  Should 
any  man  pretend  today  to  possess  such  ability  he  would  expose  himself 
to  ridicule. 

It  may  be  true  that  this  century  has  given  to  the  world  no  great  philos- 
opher— that  is,  no  great  philosopher  after  the  old  pattern — but  one  must 
not  forget  that  philosophy  has  to  face  a  difficulty  which  was  unknown 
in  the  last  century.  The  unrestrained  soaring  of  philosophers  into  the 
far-away  regions  of  mysticism  is  no  longer  possible,  for  facte  abound 
and  the  knowledge  which  is  abroad  in  the  land  must  be  considered  in 
any  well  constructed  system.  Some  have  maintained,  if  not  in  direct 
statement,  certainly  in  effect,  that  study  of  material  things  unfits  one  for 
metaphysical  investigation.  Undoubtedly  it  would  hamper  him  in  some 
kinds  of  metaphysical  research,  as  it  would  fetter  him  with  a  respect  for 
actualiticH,  but  it  would  fit  him  well  for  other  kinds.  Aristotle,  Kant, 
and,  in  our  own  time,  McCosh  and  Spencer  attained  to  high  position  as 
philosophers,  and  in  each  case  possessed  remarkable  knowledge  in  respect 
to  material  things. 

The  assertion  of  lost  intellectual  refinement  and  of  depraved  esthetic 
taste  is  but  the  wail  for  an  abandoned  cult;  it  is  but  a  variation  of  the 
familiar  song  which  has  sounded  down  the  generations.  The  world  wa^^ 
going  to  destruction  when  coj)per  ceased  to  be  legal  tender,  as  well  as 
when  J^atin  ceased  to  be  the  language  of  university  lectures ;  art  disap- 
peared when  men  ceased  idealizing  and  began  to  paint  nature  as  it  i?; 
religion  was  doomed  to  contempt  when  the  Bible  was  translated  into  the 
vulgar  tongue,  and  the  pillars  of  the  earth  were  removed  when  the  Amer- 
ican republic  was  established. 

But  in  a  proper  sense  this  is  a  utilitarian  age.  Everywhere  the  feel, 
ing  grows  that  the  earth  is  for  man — for  the  rich  and  for  the  poor  alike; 
that  those  things  only  are  good  which  benefit  mankind  by  elevating  the 
mental  or  physical  conditions.  Until  the  present  century  the  impor- 
tance of  the  purely  intellectual  side  of  man  was  overestimated  by  scholar?. 
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and  matters  connected  with  his  material  side  were  contemned.  With 
our  century  the  reaction  was  too  great,  for  even  educated  men  sneered 
at  abstract  studies  as  absurdities,  while  they  thought  material  things 
alone  worthy  of  investigation  ;  but  the  balance  is  steadying  itself,  and  at 
each  oscillation  the  index  approaches  more  closely  to  tlie  mean  between 
the  so-called  intellectual  and  material  sides.  Even  devotees  of  pure 
science  no  longer  regard  devotees  of  applied  science  as  rather  distant  re- 
lations who  have  taken  up  with  low-bom  associates. 

There  appears  at  first  glance  to  be  very  little  connection  between 
great  manufacturing  interests  on  one  hand  and  stone-pecking  at  the 
roadside  or  the  counting  of  strise  on  a  fossil  on  the  other ;  yet  a  geol- 
ogist rarely  publishes  the  results  of  a  vacation  study  without  enabling 
somebody  else  to  improve  his  condition.  About  twenty  years  ago  one 
of  our  Fellows  began  to  give  the  results  of  reconnaissance  studies  made 
during  vacations.  These  concerned  certain  fault  lines,  and  the  notes 
included  studies  upon  coal-beds  and  other  matters  of  economic  interest 
involved  in  the  faults.  The  coal-beds  were  all  bought  up,  railroads  were 
constructed,  mines  were  operated,  towns  were  built,  a  great  population 
was  supplied  with  work  at  good  wages,  and  many  men  were  enriched. 
According  to  the  latest  information,  no  one  has  offered  to  reimburse  the 
geologist  his  expenses,  nor  has  any  paper  in  the  whole  region  suggested 
that  the  geologist  had  anything  to  do  with  bringing  about  the  develop- 
ment. 

Geological  work  in  this,  as  in  other  lands,  was  originally  vacation  work, 
but  eventually  the  investigations  became  too  extensive  and  the  problems 
too  broad  for  the  usually  limited  means  of  the  students.  Meanwhile  it 
became  manifest,  as  in  the  case  just  referred  to,  that  important  economic 
results  were  almost  certain  to  follow  publication  of  matters  discovered 
by  geologists,  so  that  men  interested  in  economics  were  ready  to  assist  in 
securing  state  aid  to  advance  geological  work.  As  one  of  our  Fellows 
remarked  the  other  day,  economic  geology  has  been  the  breastwork 
behind  which  scientific  geology  has  been  developed  by  state  aid. 

Ducatel's  reconnaissance  proved  the  importance  of  Maryland's  coal 
field,  and  the  survey  was  ordered ;  the  Pennsylvania  Geological  Society 
discussed  coal-fields  until  the  legislature  gave  the  state  a  survey ;  the 
geologists  of  New  York  promised  to  settle  finally  the  question  of  the 
occurrence  of  coal  within  the  state,  and  so  in  many  other  states. 

The  United  States  Geological  Survey  had  a  somewhat  different  origin, 
for  the  economic  side  did  not  attain  importance  until  a  late  period. 
Soon  after  the  annexation  of  California  the  necessity  for  railroad  com- 
munication with  the  Pacific  became  apparent,  and  the  Congress  ordered 
exploration  of  several  lines  across  the  Rocky  Mountain  region.    At  that 
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time,  the  early  **  fifties,"  the  perplexities  of  American  geologists  had 
reached  a  maximum.  Most  of  the  old  state  surveys  had  come  to  a  close- 
rich  in  economic  results  and  still  richer  in  problems  to  be  solved  only  by 
elaborate  investigation  too  extended  and  too  costly  for  those  days.  The 
observations  made  by  Wislezenus  and  army  officers  in  New  Mexico,  by 
Fremont  and  Stansbury  farther  north  in  the  Rocky  Mountain  and  Plateau 
r^ions,  as  well  as  bj'  Culbertson  and  Norwood  in  the  Dakota  country, 
had  stirred  the  curiosity  and  awakened  the  interest  of  geologists  every- 
where. Strong  pressure  was  brought  to  bear  on  the  Secretary  of  War 
for  appointment  of  geologists  to  positions  on  the  several  parties.  The 
efforts  were  successful  and  the  appointments  were  made,  though  in  most 
instances  the  geologists  were  physicians  and  appointed  as  acting  sur- 
geons in  the  army.  This  was  an  important  advance  in  scientific  work, 
for  almost  without  exception  exploring  parties  under  the  War  Depart- 
ment from  that  time  were  accompanied  by  naturalists.  The  civil  war 
brought  the  western  work  to  a  close ;  but  when  peace  returned  it  was 
taken  up-  again,  and  geology  was  recognized  as  a  necessary  part  of  it, 
until  at  last  the  fragmentary  works  were  placed  in  one  organization  and 
the  survey  established  as  it  now  exists. 

In  all  of  the  later  geological  surveys  the  element  of  economics  entered 
more  largely  into  consideration,  and  was  emphasized  in  the  legislative 
enactments.  Men  recognized  that  geological  investigation  had  led  to 
the  discovery  of  laws  most  important  from  the  economic  standpoint, 
and  they  were  anxious  to  have  the  knowledge  utilized  in  a  broad  way. 

Looking  over  the  history  of  the  old  surveys,  one  sees  clearly  that  their 
origin  was  due  solely  to  a  desire  for  solution  of  problems  in  pure  science. 
The  credit  for  the  economic  outcome  of  the  scientific  work  is  due  to  the 
geologist  alone,  to  whom  the  appropriations  were  given,  practically  as  a 
gift.  The  legislators  soothed  their  consciences  by  lofty  speeches  respect- 
ing the  duty  of  the  commonwealth  to  foster  the  study  of  nature,  but 
they  generally  had  an  aside  to  be  utilized  as  a  justification  before  their 
constituents,  *'  especially  when  there  is  a  very  reasonable  chance  that 
something  of  value  will  be  discovered  to  the  advantage  of  our  common- 
wealth." 

Economic  Results  qf  official  Surveys 

The  New  York  survey  had  for  its  possible  outcome  the  determination 
of  the  coal  area.  The  work  was  completed  with  great  exactness,  for  it 
proved  that  the  state  contains  no  coal  area  whatever.  Though  only 
negative  in  results  for  the  state,  this  survey  has  proved  of  incalculable 
service  to  the  country  at  large,  for  it  first  elaborated  the  lower  and  mid- 
dle Paleozoic  section.    The  scientific  work  continued  along  the  biolog- 
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ical  line  defined  accurately  the  vertical  limits  of  fossils  and  provided 
means  for  removal  of  difficulties  where  the  succession  is  incomplete,  and 
for  tentative  correlation  in  widely  separated  localities,  an  apparatus 
whose  usefulness  cannot  be  overestimated  from  an  economic  standpoint. 

If  the  man  who  makes  two  blades  of  grass  grow  where  only  one  grew 
before  be  a  public  benefactor,  what  shall  be  said  of  the  geologist  who 
turns  a  desert  into  a  garden  ?  This  was  done  by  the  first  survey  of  New 
Jersey,  which  differentiated  and  mapped  the  marls  of  that  state,  giving 
a  complete  discussion  of  their  nature  and  value.  Great  areas  of  the 
"  white  sand  barrens  "  have  been  converted,  not  into  mere  farm  lands, 
but  into  richly  productive  garden  spots.  In  later  years  the  second  sur- 
vey, now  almost  forty  3' ears  old,  did,  as  it  is  still  doing,  admirable  work 
along  the  same  lines.  The  study  of  the  structural  geology  gave  a  clue 
to  the  causes  of  restrained  drainage,  and  in  not  a  few  instances  showed 
that  relief  from  malaria  could  be  obtained  with  unsuspected  ease,  and 
that  many  miles  of  noxious  swamps  could  be  converted  into  lands  well 
fitted  for  residence. 

The  first  survey  of  Pennsylvania  was  ))urely  scientific  in  inception 
and  execution ;  economic  questions  had  little  of  interest  for  its  head, 
and  in  the  work  their  place  was  very  subordinate  to  those  in  pure  science ; 
yet  the  outcome  was  inevitable.  The  study  of  the  Appalachian  folds  and 
the  discovery  of  the  steeper  northwesterly  dij)  revealed  the  structure  of 
the  anthracite  region  and  made  it  possible  to  determine  the  relations  of 
the  anthracite  beds ;  the  vast  extent  of  the  bituminous  area  and  the  im- 
portance of  the  Pittsburg  coal-bed  were  ascertained  during  the  search  for 
facts  to  explain  the  origin  of  the  Coal  Measures;  the  ores  of  the  central 
pari  of  the  state  were  studied  with  rigorous  attention  to  detail,  that  the 
problem  of  their  origin  might  be  solved ;  but  these  and  other  scientific 
studies  brought  out  a  mass  of  facts  which  were  seen  at  once  to  possess 
immense  importance,  and  the  reports  were  published  broadcast.  New 
industries  were  established:  old  ones  previously  uncertain  became  cer- 
tain and  developed  prodigiously ;  the  coal  and  iron  interests  moved  at 
once  to  the  front,  so  that  within  two  or  three  years  after  the  survey  ended 
"tariflf"  became  the  burning  political  question  throughout  the  state. 
The  results  of  the  second  survey  were  even  more  remarkable  in  their 
influence  upon  the  development  of  the  commonwealth  and  the  increased 
comfort  of  the  population. 

Among  the  earliest  results  of  the  first  survey  of  Michigan  was  the  de- 
termination of  the  value  of  the  salt  lands  and  the  announcement  of  iron 
ore  in  the  upper  peninsula.  The  successors  to  this  survey,  under  the 
United  States  supervision,  made  studies  of  numerous  localities  and  de- 
termined the  excellence  of  the  ores.    Unquestionably  the  importance  of 
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the  deposit  became  known  to  capitalists  very  largely  through  the  report? 
of  this  survey,  though  at  that  time  economic  geology  had  no  charms  for 
its  head.  Much  of  the  enormous  development  of  the  Ijike  Superior  iron 
region  was  due  to  the  influence  of  the  later  survey  between  1869  and 
1873. 

The  first  Ohio  survey,  made  sixty  years  ago,  was  at  greater  disadvan- 
tage than  the  Pennsylvania  survey,  yet  in  the  first  year  the  coal  area  wa.« 
defined,  and  during  the  second  the  geologists  determined  the  distribution 
of  the  several  limestones  and  sandstones  which,  as  building  stones,  hare 
become  so  important.  The  second  survey  was  made  effective  at  once  by 
the  tracing  and  identification  of  the  Hocking  Valley  coal,  which  brought 
into  the  state  a  vast  amount  of  new  capital  and  changed  the  face  of  a 
whole  district.  The  third  survey  determined  the  distribution  of  oil  and 
gas,  the  relations  of  the  coal-beds,  and  the  characteristics  of  the  clay  de- 
posits in  such  fashion  as  to  remake  the  manufacturing  interests  of  the 
state. 

The  Mesabi  and  Vermillion  ranges  of  Minnesota  contain  deposits  of 
iron  ore  which  for  the  present  at  least  appear  to  be  even  more  impor- 
tant than  those  of  northern  Michigan.  Almost  fifty  years  ago  J.  G. 
Norwood,  while  studying  the  easterly  end  of  the  region,  discovered  the 
Mesabi  ores.  A  few  years  later  Whittlesey,  after  a  detailed  examination 
farther  west,  predicted  the  discovery  of  similar  ores — a  discovery  actually 
made  in  1866  by  Eames,  who  was  then  state  geologist  and  engaged  in 
studying  the  Vermillion  range.  Though  not  utilized  at  once,  these  an- 
nouncements were  not  forgotten,  and  systematic  exploration  was  begun 
in  1875,  when  the  need  of  high-grade  ores  at  low  prices  made  necessary 
the  opening  of  new  areas.  Almost  at  once  the  then  recently  organized 
state  geological  survey  determined  the  extent  of  the  ore-bearing  region, 
differentiated  the  deposits,  and  removed  erroneous  impressions  respect- 
ing the  extent  and  distribution  of  the  ores.  The  effect  of  these  discussions 
and  of  the  positive  fixing  of  areas  has  been  to  increase  development  and 
to  cheapen  ores  of  the  best  quality  so  far  that  Bessemer  steel  can  be 
manufactured  more  cheaply  in  the  United  States  than  elsewhere,  in  spite 
of  the  fact  that  wages  are  still  higher,  not  simply  numerically,  but  in 
purchasing  power,  than  in  any  other  iron-producing  country.  An  ex- 
amination of  the  reports  which  have  brought  about  this  result  compels 
one  to  say  that  anxiety  for  economic  results  does  not  appear  to  have 
been  the  impelling  motive  during  the  work.  There  were  perplexing 
geological  problems  to  be  worked  out  and  the  solutions  could  be  dis- 
covered only  by  the  most  painstaking  work.  This  investigation  led  to 
the  economic  results. 
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The  United  States  Geological  Survey  retained  its  original  character  for 
a  number  of  years,  the  studies  being  devoted  almost  wholly  to  pure 
science.  There  were  those  who  looked  on  the  elaborate  petrographical 
work  as  merely  an  elaborate  waste  of  public  funds ;  who,  like  the  mem- 
ber of  the  Ohio  legislature,  regarded  fossils  only  as  "  clams  and  sala- 
manders "  and  considered  the  diagrams  of  sections  as  merely  bewildering 
humbug,  while  they  a89erted  that  attention  ought  to  be  given  to  other 
matters,  which,  however,  they  were  not  always  ready  to  designate.  But 
the  outcome  of  these  studies  was  the  inevitable.  Petrography  has  its 
applications  now  in  the  investigation  of  building  stones,  and  it  has 
proved  of  service  in  aiding  to  determine  the  source  of  precious  metals  at 
more  than  one  important  locality.  The  determination  of  fossils  has  led. 
to  proper  definition  of  the  great  coal  horizons  of  the  Upper  Cretaceous; 
the  close  study  of  stratigraphical  relations  made  possible  a  wide  devel- 
opment of  artesian-well  systems  in  the  Dakotas,  just  as  similar  work  in 
England  led  to  the  same  practical  result,  while  the  study  of  climatic  and 
structural  conditions  was  brought  to  bear  on  the  great  problem  of  our 
arid  lands  with  no  mean  results. 

But  these  illustrations  must  suffice,  not  because  they  exhaust  the  ma- 
terial, for  every  official  survey  on  the  continent  affords  illustrations,  but 
because  this  is  an  address,  not  a  history,  and  already  the  allotted  time 
has  been  exceeded. 

It  is  the  old  story — the  same  in  geology  as  in  other  branches.  The 
kind  of  work  for  which  this  Society  stands  lies  more  closely  to  the  wel- 
fare of  the  community  than  is  supposed  even  by  men  in  high  position 
and  of  far  more  than  average  intelligence.  This  work  is  responsible  in 
large  part  for  the  industrial  progress  of  our  continent,  which  we  must 
regard,  in  spite  of  protests  from  those  who  lament  the  dominance  of  com- 
mercialism, as  the  force  which  has  made  possible  our  great  advance  in 
physical  comfort  as  well  as  the  equally  great  advance  in  literary  culture 
and  esthetic  taste.  Coal,  iron,  and  oil,  chief  among  our  products,  have 
been  so  much  the  objects  of  minute  study  by  closet  investigators  that 
improvement  in  processes  of  manufacture  has^  not  been  a  growth,  but 
rather  a  series  of  leaps. 

We  give  all  honor  to  applied  science,  yet  we  cannot  forget  that  it  is 
but  a  follower  of  pure  science.  The  worker  in  pure  science  discovers ; 
his  fellow  in  applied  science  utilizes ;  the  former  receives  little  credit 
outside  of  a  narrow  circle ;  pecuniary  reward  is  not  his  object  and  rarely 
falls  to  his  lot;  the  latter  has  a  double  possibility  as  an  incentive,  large 
pecuniary  reward  and  popular  reputation  in  case  of  noteworthy  success. 
T})e  two  conditions  are  well  represented  by  Henry,  the  investigator,  and 
Morse,  the  inventor  and  promoter. 
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Men  are  ignorant  of  their  debt  to  closet  workers  becaose  the  facts  hi 
never  been  presented.  As  geologists  and  as  citizens  of  no  mean  coi 
tries  we  ought  to  present  this  matter  clearly  to  men  whose  fortunes  h 
come  through  application  of  principles  discovered  by  obscure  work 
Such  men  are  quick  to  perceive  the  justice  of  the  claim  and  usually 
ready  to  pay  a  reasonable  interest  on  the  debt. 

The  world  must  advance  or  retrograde ;  it  cannot  stand  still, 
tinned  advance  in  physical  comfort  and  intellectual  power  can 
only  through  intenser  application  to  investigation  along  the  lines  of 
science,  which  can  be  made  possible  only  by  affording  increased  op 
tunities  for  research  in  our  colleges  and  the  expansion  of  research  U 
held  by  societies  such  as  this. 
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Introduction 


In  this  country,  at  least,  natural  gas  is  advancing  rather  rapidly  in 
public  appreciation  and  regard.  It  is  found  to  be  much  more  widely 
distributed,  both  geographically  and  geologically,  and  to  exist  in  much 
larger  quantity  than  any  one  would  have  ventured  to  claim  20  or  even 
10  years  ago.  It  is  no  longer  an  unusual  thing  for  a  village  or  city  to 
enjoy  a  more  or  less  adequate  supply  of  natural  gas  as  a  source  of  arti- 
ficial heat  and  light.    There  are  many  such  examples  in  New  York, 
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Pennsylvania,  Ohio,  West  Virginia,  Kentucky,  Indiana,  Illinois,  and 
Kansas. 

Abundance  and  geologic  Relations  of  Gas  Rock 

As  to  its  productive  horizons,  there  is  hardly  a  stratum  in  the  Paleo- 
zoic column  of  the  country  that  is  not  somewhere,  in  some  of  its  phases 
or  conditions,  a  gas  rock. 

Discussion  of  Occurrence  in  General 

0.\S-BEABiyO  ROCKS 

While  it  occurs  in  shales,  sandstones,  conglomerates,  limestones,  and 
dolomites,  it  still  remains  true  that  it  has  its  preferences  and  that  its 
great  accumulations  are  to  be  found  only  in  certain  kinds  of  strata. 

MODES  OF  OCCURRENCE 

The  classes, — Two  distinct  modes  of  its  occurrence  are  to  be  recognized : 
That  which  prevails  in  shales  and  in  certain  limestones,  and  that  which 
is  found  in  sandstones,  conglomerates,  and  in  a  certain  class  of  dolomitic 
limestones.  The  rocks  of  the  first  group  are  generally  counted  impeni- 
ous,  while  the  porosity  of  the  second  groqp  is  universally  recognized. 

The  gas  found  in  the  first  group  may  be  provisionally  termed  fikak 
giis;  that  of  the  second  group  may  be  provisionally  styled  reset-voir  go^- 
These  terms  are  obviously  oi)en  to  criticism  and  objection,  but  no  other 
simple  terms  have  been  suggested  that  will  avoid  the  apparent  contra- 
dictions or  erroneous  assumptions  of  those  here  proposed. 

Shale  gas. — Gas  wells  in  the  two  classes  of  strata  named  above  are 
sharply  distinguished  from  each  other. 

1.  Shale  gas  wells  are  generally  of  comparatively  nnall  volume. 

2.  They  lack  uniformity  of  rock  pressure.     Wells  drilled  in  close  proximity  and  to 

the  same  depth  may  show  very  different  fibres  on  the  pressure  gaage. 

3.  There  is  no  dejinile  horizon  from  which  their  gas  supply  is  derived.    The  stratum 

that  yields  it  may  be  several  hundred  feet  thick,  and  gas  is  likely  to  be 
found  at  any  point  in  the  descent.  Shale  gas  wells,  though  in  the  same  field, 
may  be  expected  to  show  a  considerable  range  in  depth. 

4.  Shale  gas  wells  often  occur  independently  of  oil  production.    Gas  may  be  abundant, 

while  petroleum  is  altogether  wanting.  No  large  oil  fields  are  known  in 
connection  with  shale  gas. 

5.  Shale  gas  has  good  staying  properties.     Weak  flows  are  maintained   for  lonjj 

periods.  Most  of  the  gas  springs  that  have  been  flowing  from  immemorial 
time  are  to  be  referred  to  this  division. 

6.  Shale  gas  is  7iot  depende^d  on  the  structural  arrangement  of  the  rocks  which  contain 

it.  Not  being  associated  with  oil  or  water,  it  cannot  l)e  displaced  or  crowded 
out  by  them. 
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Reservoir  gas, — The  characteristics  of  reservoir  gas  or  the  gas  of  porous 
rocks  may  be  pretty  fairly  made  out  by  reversing  the  several  statements 

made  for  shale  gas. 

• 

1.  The  largest  knoun  gas  welU — those,  for  example,  whose  volumes  run  up  to  tens  of 

million  of  cubic  feet  a  day — are  all  found  in  saruistpneSj  cmtglmntrates^  ami 
porous  dolomites. 

2.  In  H  gas  field  fed  by  a  porous  rock  the  wells  attain  the  mine  pressure,  approxi- 

mately, irrespective  of  their  widely  differing  volumes.  The  normal  pret'sure 
can  generally  be  obtained  from  one  well  as  safely  as  from  another. 

3.  In  reservoir  wells  the  gas  is  found  at  definite  horizons.    The  driller  soon  learns 

the  depth  to  which  a  well  must  be  carried.  If  he  does  not  find  his  reward 
at  a  certain  point  in  the  descent,  he  knows  that  he  is  to  go  unrewarded 
altogether. 

4.  In  reservoir  wells  oil  accompanies  the  gas  in  multitudes  of  instances.     These 

porous  rocks  are  the  great  repositories  of  petroleum  the  world  over.  With 
the  petroleum,  water  is  invariably  associated.  The  principle  that  the  philos* 
ophers  of  the  sixteenth  century  asserted  so  positively,  that  '*  nature  abhors 
a  vacuum,"  applies  with  special  force  to  porous  rocks.  They  are  in  the  large 
way  filled  with  water,  usually  with  salt  water;  but  the  other  substances 
above  named,  gas  and  oil,  occupy  certain  limited  portions  of  these  porous 
beds. 

5.  The  gas  of  these  porous  rocks  often,  I  may  say  generally,  comes  to  a  sudden  end. 

Oil  comes  in  and  fills  the  pipes,  or  salt  water  shuts  off  the  gas  like  a  light 
blown  out  by  a  ^st  of  wind.  Only  by  constant  care  and  attention  in  re- 
moving these  substances  from  the  pipes  can  the  life  of  the  well  be  main- 
tained, especially  in  its  later  stages. 
(>.  The  structure  or  aLrr&ngement  of  the  strata  is  found  to  be  the  dominant  feature  in  the 
gas  production  of  porous  rocks.  Not  only  is  a  particular  kind  of  rock  de- 
manded for  the  accumulation  of  gas,  but  the  accumulation  is  strictly  limited 
to  certain  portions  of  the  stratum 

ANTICLINE  AND  TERRACE 

Two  well  known  structural  features  are  especially  connected  with  the 
accumulation  of  oil  and  gas,  namely,  the  anticline  and  the  ten-acL  Both 
of  these  have  passed,  in  this  connection,  beyond  the  theoretical  stage. 
Their  value  in  the  way  of  petroliferous  accumulation  is  no  longer  dis- 
cussed as  a  possibility,  but  has  been  abundantly  demonstrated  as  a  matter 
of  fact.  A  few  geologists  and  oil  producers,  having  the  knowledge  by 
which  they  can  read  these  structures  from  the  surface,  are  reaping  rich 
rewards  by  the  application  of  this  knowledge. 

A  few  years  ago,  while  controversy  as  to  the  possible  effect  of  anti- 
clines was  still  in  progress,  some  reputable  geologists,  who  happened  to 
be  ranged  on  the  wrong  side  of  the  question,  declared  that,  instead  of  gas 
being  confined  to  anticlines,  it  was  often  found  in  the  synclines  of  porous 
.''trata.    To  them  it  was  replied  that  we  occasionally  see  on  the  surface 
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an  ^Qxtetiqive'^yncline  interrupted  by  a  minor  anticline  at  the  bottom  of 

Jtbk^hxtghy  and  that  such  structure  would  fully  account  for  the  rare  cases 

.   •  .^  ih*-wliich  short-lived  gas  wells  are  found  in  synclines.    The  physical  im- 

'•;•.  t*  'possibility  of  gas  occurring  in  the  actual  syncline  of  a  porous  stratum 

which  is  jointly  occupied  by  gas  and  salt  water  is  so  obvious  that  to  be 

recognized  it  needs  only  to  be  named. 

The  terrace  is  an  incomplete  anticline  or  arch.  It  is  as  if  nature  began 
to  build  an  arch  which  she  was  unable  to  finish  ;  but  like  its  prototype, 
the  arch,  it  furnishes  a  safe  harbor  or  gathering  ground  for  the  lighter 
contents  of  the  warped  porous  stratum. 

It  seems  to  me  that  the  time  has  now  come  for  the  prompt  recognition 
and  acknowledgment  of  the  paramount  influence  of  structure  in  gas 
fields  which  are  found  in  porous  rocks.  We  are  warranted  in  affirming 
an  anticline  or  terrace  as  an  explanation  of  the  gas  production  of  such 
a  stratum,  even  in  advance  of  the  actual  discovery  of  either.  . 

Gas  Field  under  Consideration 
extent  and  character  of  field 

This  line  of  thought  has  been  suggested  to  me  by  an  examination  that 
I  have  recently  made  of  the  gas  field  of  Allen  county,  southeastern 
Kansas,  which  is  known  as  the  lola  gaafidd.  It  is  small  in  area,  but  of 
great  promise  in  production.  Its  length  in  an  east-and-west  line  has 
been  demonstrated  by  the  drill  lo  be  at  least  seven  miles,  while  its 
breadth,  proved  in  the  same  way,  has  been  found  to  exceed  three  miles. 

More  than  two  dozen  wells  have  already  been  drilled  in  the  field,  and 
the  wells  range  in  production  from  two  million  to  over  ten  million  feet 
in  24  hours.  There  are  a  half  dozen  of  the  number,  each  of  which  pro- 
duces about  7,000,000  feet  a  day. 

The  rock  pressure  of  the  field  is  325  pounds,  with  an  outside  range  of 
^\%  pounds  in  a  single  well. 

A  little  oil  has  been  found,  mainly  on  the  western  boundary  of  the 
field  and  at  a  lower  depth  than  the  gas.  Salt  water  occurs  below  both 
gas  and  oil,  but  has  not  proved  thus  far  aggressive.  The  height  to  which 
it  rises  has  not  been  determined.  It  is  not  less  than  several  hundred 
feet. 

The  gas  rock  is  a  sandstone  of  moderate  grain,  with  an  average  thick- 
ness of  about  20  or  25  feet.  It  is  occasionally  interrupted  by  wedges  of 
shale,  and  disappears  as  a  sandstone  altogether  beyond  the  boundaries 
I  have  named. 

All  these  characteristics  stand  for  a  gas  field  in  the  second  division 
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above  named.     Every  feature  of  the  lola  field  indicates  a  porous  or  res- 
ervoir rock  as  the  source  of  its  gas. 

OEOLOOY  OF  THE  REGION 

Sources  of  injomiatimi, — The  geology  of  southeastern  Kansas  is  com- 
paratively simple.  In  describing  it  I  rely  mainly  on  the  published  re- 
ports of  the  geological  survey  conducted  by  the  state  university  under 
the  direction  of  Professor  Erasmus  Haworth. 

The  formations — Coal  Measures  and  sub-Carboniferous  limestone. — All 
strata  reaching  the  surface  in  this  section  of  the  state  belong  to  the  so- 
called  Coal  Measures,  with  the  single  exception  of  the  great  sub-Carbon- 
iferous limestone,  which  may  be  regarded  as  the  floor  of  the  eastern  half 
of  Kansas.  This  stratum  rises  today  only  in  the  southeastern  angle  of  the 
state,  and  its  outcrop  does  not  exceed  45  square  miles ;  but  though  small 
in  area,  it  has  extreme  economic  interest  and  importance,  for  it  carries 
zinc  and  lead  ores  in  large  quantities.  As  a  source  of  the  former,  this 
45  square  miles  is  beyond  question  the  most  valuable  tract  known  in 
the  United  States.  Perhaps  no  equal  area  in  the  world  exceeds  it  in 
this  respect.  This  sub-Carboniferous  stratum  is  coming  to  be  known  in 
Kansas  and  the  adjoining  states  as  the  Mississippian  limestone.  In 
linking  deep  wells  it  constitutes  a  particularly  valuable  landmark,  be- 
cause its  flinty  beds  are  certain  to  attract  the  driller's  notice  and  are 
universally  regarded  by  him  in  his  search  for  petroleum  as  the  "  fare- 
well rock."     When  he  strikes  this  floor  he  knows  that  his  work  is  done. 

There  are  large  areas  of.  Kansas  and  adjoining  states  in  which  the 
Coal  Measures,  so  called,  do  not  justify  their  name.  In  many  long  sec- 
tions furnished  by  the  drill  they  are  found  to  consist  altogether  of  lime- 
.^'tone,  shale,  and  sandstone ;  but  in  other  districts  the  series  contain 
important  beds  of  coal,  the  aggregate  of  which,  as  computed,  runs  into 
large  figures,  and  constitute  an  invaluable  reliance  of  all  these  regions 
for  time  to  come. 

The  western  Coal  Measures  have  been  variously  divided  by  the  geol- 
ogists who  have  studied  them  in  the  several  states.  It  is  a  pleasure  to 
find  that  they  are  coming  to  a  general  agreement,  which  promises  at  no 
distant  day  a  harmonious  account  of  this  great  chapter  of  our  geological 
history. 

Cherokee  shales. — In  southeastern  Kansas,  the  lowermost  division  of 
the  Coal  Measures,  namely,  that  immediately  overlying  the  Mississip- 
pian limestone,  is  known  as  the  "Cherokee  shales."  It  is  counted  the 
equivalent  of  the  "  Des  Moines  shales  "  of  Keyes  in  Iowa.  The  Cherokee 
shales  have  a  thickness  of  about  450  feet  and  contain,  in  certain  districts, 
by  far  the  most  valuable  seams  of  coal  found  in  Kansas.    Though  con- 
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sisting  largely  of  shale,  as  the  name  would  lead  us  to  expect,  thin 
courses  of  limestone  and  considerable  bodies  of  sandstone  also  occur 
in  it.  Some  of  the  sandstones  rise  in  important  and  valuable  outcrops ; 
but  other  beds  begin  and  end  in  the  shale  series,  and  for  our  knowletlge 
of  them  we  are  indebted  wholly  to  the  driller.  They  are  capricious 
and  unstable  to  a  high  degree. 

Other  divisions. — Above  the  Cherokee  shales  come  several  well  marke<l 
and  easily  identified  divisions  known  in  Kansas  geology  as  the  *'  Oswego 
and  the  Pawnee  limestones,"  about  100  feet  in  combined  thickness,  the 
'*  Pleasanton  shales,'*  about  250  feet  thick  and  carrying  in  certain  loaili- 
ties  valuable  beds  of  coal,  the  "  Erie  limestone  and  shale,"  the  "  Thayer 
shale,"  and  the  "  lola  limestone,"  together  aggregating  several  hundred 
feet  of  strata. 

The  divisions  here  named  comprise  all  the  strata  traversed  in  the 
wells  of  the  lola  gas  field. 

lola  gas  rock, — The  gas  rock  already  described  is  one  of  the  unstable, 
lenticular  sandstones  of  the  Cherokee  shale,  and  lies  near  the  bottom  of 
this  division.  Its  upper  surface  is  above  75  feet  above  the  Mississippian 
limestone. 

All  these  strata  are  described  by  Haworth  as  dipping  to  the  west  at 
an  average  rate  of  17  feet  to  the  mile. 

The  surface  of  this  portion  of  the  state  also  slopes  to  the  west,  but  not 
as  rapidly  as  the  strata  descend.  The  surface  slope  to  the  westward  is 
given  .by  Haworth  as  about  10  feet  to  the  mile.  These  facts  are  indicated 
in  the  accompanying  diagram  (plate  11).  The  elevation  of  lola  is  D'^fi 
feet  above  tide;  of  Laharpe,  5  miles  to  the  eastward,  1,045  feet,  and  of 
Moran,  12  n)ile8  east  of  lola,  1,098  (see  Gannett's  Gazetteer  of  Kansas). 
This  gives  an  average  descent  from  Moran  to  lola  of  nearly  12  feet  to  the 
mile.  Other  elevations  used  in  this  paper  were  obtained  from  the  ane- 
roid and  can  not  vary  far  from  the  true  figures. 

lola  arch  at  Edwards  well, — At  the  Edwards  well,  two  miles  bevond' 
Lahari)e,  the  lola  gas  rock  has  com})letely  disappeared  as  a  sandstone, 
but  the  driller  continued  his  work  until  he  reached  the  Mississippian 
limestone,  or  the  "  flint,"  as  it  is  commonly  called.  This  was  reached 
at  1,061  feet,  or  very  nearly  at  tide  level.  The  same  stratum  was  also 
struck  in  one  of  the  wells  at  Laharpe,  but  here  at  a  depth  of  982  feet,  or 
G3  feet  above  tide,  showing  a  rise  to  the  westward  of  31  feet  to  the  mile  in 
place  of  the  normal  descent  in  that  direction  of  17  feet  to  the  mile. 

A  low  arch,  which  may,  perhaps,  with  greater  propriety  be  styled  a 
terrace,  thus  comes  into  view.  So  far  as  present  knowledge  goes,  the 
arch  begins  at  the  location  of  the  Edwards  well,  in  which,  as  will  be  re- 
membered, the  surface  of  the  Mississi])pian  limestone  lies  at  tide  level. 
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The  stratum  rises  to  the  westward  from  this  point  and  does  not  regain 
tide  level  until  it  is  followed  about  2  miles  beyond  lola.  At  lola  its 
place  is  calculated  to  be  37  feet  above  tide. 

We  have  thus  a  stretch  of  territory  about  8  miles  in  length  from  east 
to  west  in  which  there  is  no  fall  to  the'Mississippian  floor  of  the  section. 
Its  normal  dip  of  17  feet  to  the  mile  would  carry  it  126  feet  below  tide 
in  that  distance. 

The  gas  rock  is  not  coextensive  with  the  arch,  as,  it  will  be  remem- 
bered, it  fails  to  appear  in  the  Edwards  well.  If  it  had  continued  to 
that  point  in  its  normal  volume,  its  upper  surface  would  have  been  found 
77  feet  above  tide. 

At  Laharpe,  however,  it  is  found  in  full  force,  and  its  surface  here  is 
140  feet  above  tide,  as  determined  by  the  average  of  two  905-foot  wells. 
It  rises  19  feet  higher  in  the  next  3  miles,  being  found  at  159  feet  above 
tide  in  the  Remsberg  well.  This  is  the  highest  point  of  the  lola  gas  rock, 
so  far  as  explorations  have  now  gone,  and  it  is  interesting  to  note  that 
this  well  is  the  largest  producer  of  gas  in  the  entire  field.  Its  volume 
exceeds  ten  million  cubic  feet  a  day,  which  is  about  three  million  in 
excess  of  any  other  well  in  the  field.  The  surface  of  the  gas  rock  de- 
scends 43  feet  in  the  next  two  miles  to  the  westward.  The  average  depth 
to  the  gas  rock  of  two  wells  at  lola  is  840  feet,  which  shows  its  surface 
to  be  116  feet  above  tide.  Within  the  next  two  miles  the  Mississippian 
limestone  gets  down  to  tide  level  again,  and  this  point  marks  the  limit 
of  the  lola  arch. 

STRUCTURE  AS  A  FACTOR  IX  INTERPRETATION 

It  is  thus  seen  that  the  lola  gas  field  comes  fully  into  line  with  a  large 
number  of  other  gas  fields  that  belong  to  the  same  class  with  it.  In  all 
of  these,  structure  is  the  dominant  factor,  a  factor  which  helps  us  to  a 
rational  explanation  of  the  characteristic  phenomena  of  all. 

ECONOMIC  VALUE 

A  word  as  to  the  use  which  is  to  be  made  of  the  lola  gas  field.  It 
seems  certain  that  it  will  be  devoted  in  the  wholesale  way  to  manufact- 
uring purposes.  The  zinc  smelters  of  the  Joplin  district  found  their 
way  into  the  gas  field  almost  as  soon  as  its  valuable  character  was  estab- 
lished. They  bought  and  leased  gas  lands  wherever  they  could  be 
secured,  and  thus,  without  holding  a  large  acreage,  they  have  gained 
access  to  all  parts  of  the  field.  Five  or  six  large  plants  are  already  estab- 
lished here.  The  experimentation  necessary  to  adapt  the  fuel  to  the 
process  has  already  been  successfully  accomplished,  and  the  smelters 
now  report  the  best  of  results.    Others  are  sure  to  come  in  to  secure  the 
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great  advantages  of  the  new  fuel.  As  in  the  glass  industry  of  the  coun- 
try, after  the  opening  of  the  Ohio  and  Indiana  gas  fields,  the  center  of 
the  manufacture  was  shifted,  so  it  seems  likely  to  be  with  the  spelter 
production.  The  old  districts  will  be  unable  to  compete  and  will  be  left 
to  languish  as  long  at  least  as  the  gas  suppl}'  can  be  maintained.  The 
cities  and  villages  of  Allen  county  wnll  be  supplied  with  light  and  fuel, 
and  many  of  the  farmers'  houses  also,  within  the  limits  of  the  field  ;  but 
the  great  bulk  of  this  superfine  fuel,  the  best  in  the  world — much  better, 
in  fact,  than  man  has  learned  to  make  for  use  in  the  large  way — ^will  l^ 
consumed  in  smelting  zinc  ores,  for  which,  until  this  gas  was  discovered, 
even  inferior  grades  of  Kansas  coal  were  counted  good  enough. 

The  highest  and  really  the  only  proper  use  of  natural  gas  is  house- 
hold use.  In  this  field  it  meets  the  supreme  test  of  doing  the  greatest 
good  to  the  greatest  number.  If  the  world  were  wise  and  if  genuine  good 
will  controlled  the  actions  of  all,  every  foot  of  natural  gas  would  be 
scrupulously  husbanded  for  this  service ;  but  the  world  is  not  wise  and 
universal  benevolence  does  not  yet  bear  sway. 

Against  the  improper  use  and  wanton  waste  of  natural  gas  geologists 
have  made  earnest  but  unavailing  protest,  receiving  often  the  curses 
instead  of  the  thanks  of  those  in  whose  interests  they  have  labored.  To 
convince  the  most  intelligent  and  fair-minded  members  of  a  community 
of  the  justice  and  wisdom  of  the  geological  view  is  an  easy  task ;  but 
the  thoughtful  and  fair-minded  are  never  in  the  majority.  Under  exist- 
ing conditions  it  is  simply  impossible,  at  least  in  this  country,  to  save  a 
promising  gas  field  for  the  highest  uses.  Natural  gas  will  be  mainly  con- 
sumed in  steam  production,  iron  mills,  machine  shops,  glass  factories, 
zinc  smelting  works,  or  even  in  the  coarser  service  of  brick  yards  and 
lime  kilns.  Let  us  still  hope,  however,  that  its  use  will  incidentally 
educate  enough  people  to  the  inexpressible  advantages  of  gaseous  fuel 
to  pave  the  way  for  the  introduction  of  a  successor,  nec^sarily  a  vastly 
inferior  successor,  but  one  which  can  be  held  under  proper  control,  and 
which,  therefore,  when  it  comes,  will  **come  to  stay,*'  except  as  it  is 
improved  by  the  growing  knowledge  of  the  world. 
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Introduction 


The  sheet  of  drift  in  northeastern  Iowa,  which,  in  the  recent  literature 
relating  to  Pleistocene  geology,  is  known  as  the  lowan,  has  certain  indi- 
vidual characteristics  that  differentiate  it  sharply  from  the  other  drift- 
sheets  of  the  Mississippi  valley.     Before  McGee's  classic  work  on  the 
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region  under  consideration,  no  one  had  suspected  that  more  than  one 
sheet  of  till  was  represented  in  the  Pleistocene  deposits  of  Iowa ;  but  the 
studies  of  McGee  in  Iowa  and  of  Charnberlin  in  Wisconsin  led  to  the 
very  general  recognition  of  the  multiple  character  of  our  drift  deposits. 
Other  investigators,  using  the  methods  of  observation  employed  by  the 
pioneer  workers  named,  and  guided  by  the  criteria  for  discriminating 
different  drift-sheets  which  they  pointed  out,  have  been  able  to  map, 
with  a  fair  degree  of  accuracy,  the  limits  of  the  successive  ice  invasions. 

Previous  Work  on  the  Iowan 

The  earlier  work  on  the  Pleistocene  of  northeastern  Iowa  was  remarkable 
in  many  respects.  The  energy  and  intellectual  acumen  with  which  the 
investigations  were  prosecuted,  the  enormous  mass  of  details  collected 
and  classified,  and  the  masterly  way  in  which  the  facts  were  handled, 
and  conclusions  of  epoch-making  significance  deduced  from  them,  com- 
manded the  admiration  of  all  geologists.  Nevertheless,  as  was  practi- 
cally unavoidable  in  doing  pioneer  work  in  an  unexplored  field,  some 
important  facts  were  overlooked.  Three  sheets  of  till  are  now  known  to 
be  present  in  the  area  studied,  but  the  hypothesis  employed  recognized 
only  two ;  and  the  attempts  to  harmonize  the  drift  sections  in  Bremer, 
Buchanan,  and  other  counties  where  the  Iowan  is  typically  developed, 
in  accordance  with  the  hypothesis,  led  to  some  confusion  of  statement. 

Origin  of  the  Name 

McGee  applied  the  names  **  Upper  till  "  and  '*  Lower  till "  to  the  re- 
spective drift-sheets  which  he  recognized  in  northeastern  Iowa.  It  is 
obvious  from  numerous  statements  that  what  we  now  call  the  Iowan  drift 
must  be  r^arded  as  the  typical  phase  of  his  upper  till.  For  example, 
he  tells  us  that  the  prevailing  color  of  the  upper  till  is  yellow  or  buflf, 
running  into  gray,*  and  that  boulders,t  so  large  that  they  rise  above  the 
drift  as  high  as  houses  or  haystacks  and  give  character  to  every  landscape, 
are  conspicuous  elements  of  the  upper  till.  Furthermore,  the  boulders 
characterizing  the  upper  till  are  said  to  culminate  in  size  and  abundance 
in  Butler,  Bremer,  Black  Hawk,  and  Buchanan  counties.  And  so  the 
details  of  structure  and  distribution  are  described  so  minutely  as  to  le<ave 
no  possiVjle  doubt  concerning  the  particular  drift-sheet  which  stood  in  his 
mind  as  the  embodiment  of  all  the  typical  characteristics  of  the  upper 
till.    There  is  only  one  till  in  all  the  area  described  that  expresses  itself 

•Pleistocene  Hist.  Northeastern  Iowa.    11th  Ann.  Rept.  U.  8.  Geol.  Hur.,  p.  476. 
t  Ibid.,  p.  481.    See  also  the  Resume,  p.  540. 
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in  a  ^'monotonous  simplicity  of  surface  configuration  "and  in  ponderous, 
boulders  projecting  conspicuously  above  the  surface.  The  assumption 
however,  that  there  were  but  two  till  sheets  in  the  area  considered,  and 
that  they  were  separated  by  an  old  soil  and  forest  bed,  was  the  cause  of 
assigning  to  the  upper  till  in  certain  localities  a  number  of  characteristics 
that  do  not  belong  to  the  superficial  drift  of  Bremer,  Black  Hawk,  and 
Buchanan  counties.  Taking  the  latest  glacial  deposit  of  these  counties  as 
the  true  upper  till  of  McGee,  we  have  a  drift-sheet  characterized  by  defi- 
nite and  consistent  individuality  and  sharply  delimited  in  its  geographic 
distribution. 

In  the  third  edition  of  Geikie's  "  Great  Ice  Age  "  Chamberlin  proposes 
the  name  East  lowan  for  the  upper  till  of  McGee.*  The  characteristics 
of  the  formation  are  enumerated  in  detail,  and  are  made  broad  enough 
and  variable  enough  to  include  all  the  Pleistocene  deposits  down  to  the 
forest  bed,  which  is  so  conspicuous  a  feature  of  the  drift  series  not  only 
in  Iowa  but  very  generally  throughout  the  Mississippi  valley.  Some- 
what later,t  following  the  suggestion  of  Mr  Upham,  Chamberlin  abbre- 
viated the  term  to  lowan,  and  it  is  needless  to  say  that  the  shorter  name 
was  welcomed  and  has  since  been  very  generally  adopted.  Chamberlin's 
latest  classification  of  the  glacial  series  of  the  Mississippi  basin  recognizes 
the  limitations  assigned  in  this  paper  to  the  lowan  drift. 

Area  occupied  by  the  Iowan  Drift-sheet 

The  lowan  drift  as  at  present  recognized  is  superficial  over  an  area  in 
northeastern  Iowa  and  southeastern  Minnesota  east  and  southeast  of 
the  Altamont  moraine.  In  Iowa  the  moraine  bounding  the  lowan  area 
on  the  west  passes  southward  from  near  the  middle  of  the  north  line  of 
Worth  county.  It  includes  Clear  lake  in  one  of  its  basin-like  depres- 
sions, and  gradually  fades  out  in  Hardin  and  Marshall  counties.  This 
moraine  marks  the  eastern  edge  of  the  Wisconsin  lobe  and  overlaps  the 
lowan  from  the  Minnesota  state  line  to  near  the  southern  boundary  of 
Hardin  county.  South  of  Hardin  county  the  Wisconsin  drift  rests  on  a 
till  that  is  very  much  older  than  the  lowan,  on  what  has  recently  come 
to  be  called  the  Kansan. 

The  southern  limit  of  the  lowan  till  coincides  in  a  general  way  with 
the  course  of  the  Iowa  river  from  near  Albion,  in  Marshall  county,  to 
the  j^reat  elbow  west  of  Solon,  in  Johnson  county,  from  which  point  the 
general  trend  is  eastward  to  near  the  mouth  of  the  Wapsipinicon  river. 

*  James  (-teikie  :  The  Great  Ice  Age,  third  ed.,  p.  750. 

t  The^Joumal  of  Geology,  vol.  iii,  pp.  '/70  and  273 ;  vol.  iv,  p.  «74. 
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The  eastern  or  northeastern  boundary  cuts  the  Iowa-Minnesota  line  near 
the  northwest  corner  of  Winneshiek  county.  Its  course  from  this  point 
is,  in  the  main,  southeast,  cutting  across  the  northeast  corner  of  Fayette 
and  the  southwest  corner  of  Clayton.  It  clips  off  the  northeastern  corner 
of  Delaware  county,  is  exceedingly  sinuous  in  the  western  part  of  the 
county  of  Dubuque,  trends  southward  with  many  tortuous  windings 
through  Jones,  and  finally  sweeps  eastward,  six  or  eight  miles  south  of 
the  north  line  of  Clinton  county,  to  the  Mississippi  river.  The  free  edge 
of  the  lowan  ice,  however,  flowed  out  in  numbferless  digit-like  lobes, 
some  of  which  were  surprisingly  long  and  narrow,  and  so  its  boundary 
lines  along  the  terminal  margins  are  irregular  and  sinuous  to  the  last 
degree.  Except  at  one  or  two  points,  the  eastern  boundary  of  the  lowan 
falls  short  of  the  western  edge  of  the  Driftless  area,  the  space  between 
the  extreme  limits  of  the  lowan  in  this  direction  and  the  Driftless  area 
being  occupied  with  typical  weathered  Kansan  overlain  by  loess. 

Characteristics  of  the  Iow^an  Drift 

topography 

The  lowan  drift  presents  a  number  of  very  constant,  easily  recognized, 
specific  characteristics.  In  tlie  first  place,  the  topography  is  very  strik- 
ing. The  surface  is  a  broad  plain,  marked  by  long,  gentle,  sweeping 
undulations.  The  curves  are  low  and  flat,  and  the  concave  portions  of 
the  profiles  are  in  many  cases  longer  than  the  convex.  Erosion  since 
the  retreat  of  the  lowan  ice  has  played  no  part  in  producing  the  main 
topographic  forms.  The  surface  inequalities  are  irregularly  disposed 
and  are  due,  for  the  most  part,  to  the  erratic  heaping  up  of  materials,  in 
some  places  njore  than  in  others,  by  the  action  of  the  lowan  ice.  The 
main  drainage  courses  are  fairly  well  defined,  many  of  them  following 
sags  determined  by  the  presence  '>f  partly  filled  pre-Iowan  valleys  of 
erosion.  Along  the  larger  streams  incipient  erosion  forms  occur,  extend- 
ing back  as  small  lateral  channels  and  intervening  ridges  for  a  fraction 
of  a  mile  or  so ;  but  the  development  of  such  forms  is  always  on  a  small 
scale,  and  over  the  intervening  spaces,  which  constitute  by  far  the  greater 
part  of  the  lowan  area,  the  drainage  is  effected  by  flow  of  water  along 
the  broad,  shallow  depressions  of  the  surface,  without  following  definitely 
cut  channels.  Even  in  the  case  of  the  principal  drainage  courses  the 
amount  of  stream-cutting  since  the  retreat  of  the  lowan  ice  is  insignifi- 
cant. The  channels  in  the  typical  portion  of  the  area  are  mere  troughs 
or  canals  cut  but  little  below  the  level  of  the  broadly  undulating  drift- 
plain.    The  streams  have  no  valleys,  nor  have  they  any  floodplains,  and 
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hence  farms  having  the  general  level  of  all  the  surrounding  country  are 
cultivated  in  places  to  the  water's  edge. 

CLAY  CONSTITUENT  OF  THE  TILL 

Color  and  canpoaition. — The  lowan  till,  as  a  rule,  is  a  pale  yellow  clay, 
rich  in  minutely  divided  lime  carbonate  and  carrying  many  pebbles, 
cobbles,  and  small  boulders  that,  with  scarcely  an  exception,  are  all  of 
foreign  origin.  Limestone  fragments  are  comparatively  rare.  The  upper 
part  of  the  till  has  been  modified  by  a  number  of  agents,  the  most  pro- 
nounced change  being  due  to  the  development  of  a  deep,  black,  surface 
loam  varying  from  a  few  inches  to  two  or  three  feet  in  thickness. 

Condition  as  to  toeathering  and  leaching. — The  absence  of  signs  of  weath- 
ering in  the  upper  zone  of  the  lowan  till  is  a  very  prominent  character- 
istic, especially  to  one  familiar  with  the  strongly  pronounced  ferretto 
zone  resulting  from  weathering  in  the  older  sheets  of  drift.  The  lowan 
is  practically  unweathered.  Oxidation  is  no  more  perfect  at  the  surface 
than  at  the  bottom,  and  the  reaction  for  lime  carbonate  is  as  energetic 
at  the  grass  roots  as  it  is  ten  feet  beneath  the  surface.  Absence  of  oxi- 
dation and  leaching  is  one  of  the  distinguishing  characteristics  of  the 
lowan  when  compared  with  the  older  drift-sheets  of  the  Mississippi 
basin. 

10 WAN  BOULDERS 

Composition,  size,  and  weathering. — Among  the  more  conspicuous  feat- 
ures of  the  lowan  drift  are  huge  boulders  of  crystalline  rocks  scattered  in 
great  numbers  over  the  surface  of  the  region  in  which  the  formation  is 
typically  developed.  In  no  other  drift-sheet  are  boulders  so  prominent  a 
characteristic  of  the  prairie  landscapes.  In  composition  the  majority  of 
the  boulders  are  light  colored,  coarse  textured  granites,  in  which  large 
crystals  of  feldspar  are  the  most  abundant  constituent.  A  few  quartzite 
l)oulders  occur,  and  there  are  some  of  the  dark  fine  grained  traps,  basalts, 
and  greenstones,  but  these  are  inconspicuous  in  size  as  well  as  in  num- 
bers. The  prevailing  types  are  granites,  and  the  great  size  of  some  of 
the  individual  masses  is  such  as  to  excite  the  interest  and  attention  of 
even  the  roost  casual  observer.  Granite  boulders  30  feet  in  diameter  are 
not  uncommon.  In  certain  localities,  for  the  distribution  is  not  uni- 
form, blocks  having  diameters  ranging  from  12  to  20  feet  may  be  counted 
by  the  score  on  every  square  mile,  while  boulders  varying  from  2  to  6 
feet  across  can  be  reckoned  bv  the  hundreds  within  the  limits  of  an 
ordinary  farm.  Furthermore,  the  granites,  as  a  rule,  show  little  or  no 
signs  of  decay  from  weathering  during  the  period  of  their  exposure  since 
the  retreat  of  the  lowan  ice.     The  majority  are  perfectly  sound  even  at 


112  S.  CALVIN — low  AN    DRIFT 

the  surface ;  and  the  more  massive  ones  have  been  utilized  as  granite 
quarries  from  which  contractors  have  taken  large  amounts  of  valuable 
building  material,  as  fresh  as  if  it  had  been  taken  directly  from  the  native 
ledges. 

Superficial  position, — At  the  risk  of  repetition,  I  would  again  emphasize 
the  great  size  of  some  of  the  lowan  boulders  and  the  prominence  of  many 
of  them  above  the  surface  of  the  ground.  The  common  comparison  with 
houses  and  haystacks,  suggested  to  every  observer,is  by  no  means  strained; 
for  some  of  the  ponderous  blocks  rise  12,  15,  or  20  feet  above  the  prairie 
sod.  While  a  large  number  of  the  boulders  are  completely  embeddeil 
in  the  till,  and  while  others  are  buried  to  a  greater  or  less  extent,  there 
are  yet  many  that  seem  to  rest  practically  on  the  surface  with  their 
whole  mass  exposed  above  ground.  At  all  events,  they  are  no  more 
embedded  than  would  naturally  be  the  case  if  they  had  been  carefully 
laid  on  the  surface  a  century  or  two  ago.  All  their  surroundings  preclude 
tlie  theory  that  they  owe  their  present  prominence  to  erosion  and  removal 
of  the  finer  constituents  of  the  drift ;  and  the  further  fact  that  nearly  all 
those  which  have  been  quarried  were  found  planed  and  worn  to  a  true, 
flat  face  on  the  lower  side  equally  precludes  the  theory — even  if  there 
were  not  other  insuperable  objections  to  it — that  they  were  superglacial 
during  the  period  of  their  transportation.  These  superficial  granites  were 
probably  completely  embedded  and  incorporated  in  the  ice,  with  their 
lower  surfaces  in  position  to  be  abraded  and  worn,  yet  coinciding  with 
the  bottom  of  the  glacier,  while  thedetrital  matter  constituting  the  ground 
moraine  occupied  the  true  subglacial  position.  There  are  reasons  for 
believing  that  the  amount  of  clay  and  other  fine  material  carried  beneath 
the  lowan  ice  was,  locally  at  least,  very  small,  for  lowan  boulders  not 
infrequently  rest  directly  on  residual  clays,  on  Kansan  drift,  or  on  bald 
rocky  surfaces,  the  proper  lowan  till  being  absent. 

THICh'yESa  OF  THE  10  WAN  DRIFT 

The  lowan  sheet  of  till  is  comparatively  thin.  While  boulders  were 
large  and  numerous,  the  finer  materials  transported  by  the  lowan  ice 
were  decidedly  scant.  In  many  cases  they  were  insufficient  completely 
to  obscure  the  pre-Iowan  topography.  For  example,  the  present  drain- 
age is  very  largely  controlled  by  imperfectly  disguised  valleys  which  had 
been  previously  eroded  in  the  surface  of  the  Kansan  till ;  and  in  not  a 
few  instances  the  hills  which  have  to  be  cut  in  making  railway  grades 
are  pre-Iowan  ridges  with  Kansan  drift  rising  within  a  few  inches  of  the 
surface.  In  the  great  cut  at  Oelwein,  Fayette  county,  the  lowan  till  is 
represented  by  a  layer  of  loamy  soil  less  than  a  foot  in  thickness,  while  a 
short  distance  to  the  southeast,  in  Fairbank  township,  Buchanan  county, 
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the  farm  wells  show  30  feet  of  the  yellow,  calcareous  till  peculiar  to  this 
«age  resting  on  highly  oxidized  beds  of  Buchanan  gravel.*  What  the 
maximum  thickness  over  the  pre-Iowan  valleys  may  be  has  not  been 
detennined,  but  the  thickness  in  general  is  less  than  20  feet,  and  over 
large  areas  the  average  may  be  less  than  10  feet. 

Relation  of  the  Iowan  to  the  "  Forest  Bed  "  of  Northeastern  Iowa 

Remains  of  a  forest  bed  which  was  overwhelmed  and  buried  by  ad- 
vancing glaciers  are  conspicuous  in  many  of  the  drift  sections  in  north- 
eastern Iowa.  The  abraded  and  splintered  wood  is  distributed  through 
a  zone  a  number  of  feet  thick,  but  it  is  most  abundant  in  connection  with, 
or  just  a  little  above,  a  definitely  marked  soil  band  and  peat  horizon. 
The  principal  belt  through  which  forest  material  is  distributed  lies  above 
the  soil  and  peat.  The  soil  band,  i)eat  beds,  and  forest  remains  are  all 
evidence  of  an  interglacial  age  of  longer  or  shorter  duration,  for  there  is 
a  heavy  underlying  till  sheet  that  is  older  than  either  soil  or  forest.  Ac- 
cordingly, in  dividing  the  Pleistocene  deposits  of  the  region  under  con- 
i^ideration  into  a  lower  and  an  upper  till,  it  was  most  natural  that  the 
<oil,  peat,  and  forest  horizon  should  be  adopted  as  the  line  of  separation. 
For  some  time  after  the  sheet  of  till  we  now  call  Kansan  had  been  dif- 
ferentiated from  the  true  Iowan  by  evidences  of  erosion  and  weathering, 
the  belief  in  a  forest  bed  below  the  Iowan  and  above  the  Kansan  was 
still  entertained.  The  differentiation  of  the  Iowan  and  Kansan  till  sheets 
was  made  as  the  result  of  studies  carried  on  along  or  near  the  margin  of 
the  Iowan  drift.  The  two  deposits  were  strikingly  different.  That  they 
were  separated  by  an  immensely  long  interglacial  interval  was  as  clear 
as  noonday.  It  was  the  unquestioned  belief  when  the  names  Kansan 
and  Iowan  were  applied  to  the  two  drifts  we  are  now  considering  that 
one  was  the  upper  till  and  the  other  the  lower  till  of  McGee,  and  that 
they  were  the  formations  to  which  the  names  Iowan  and  Kansan  had 
heen  applied  by  Chamberlin.  If  there  was  a  forest  and  soil  bed,  it  must 
be  between  these  two  deposits,  for  as  yet  there  was  no  evidence  that  there 
were  more  than  two  deposits  to  be  taken  into  consideration.  Graduall)', 
however,  as  available  sections  were  multiplied  and  opportunities  for  study 
were  enlarged,  it  was  found  that  the  forest  bed  and  soil  band  were  inva- 
riably located  beneath  the  drift  we  had  been  calling  Kansan,  and  that 
no  section  anywhere  revealed  the  presence  of  forest  material  immediately 
beneath  the  typical  Iowan.  A  ferretto  zone  is  there,  with  most  convinc- 
ing evidence  of  prolonged  and  profound  weathering,  but  no  soil  band, 
no  buried  forest— at  least,  none  in  any  way  comparable  with  the  wealth 

*  Iowa  Geol.  Survey,  vol.  iii,  p.  245.    Dcs  Moinea,  Iowa,  1808. 
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of  vegetable  matter  buried  in  and  beneath  the  drift  we  have  all  learned 
to  call  Kansan.  The  forest  zone  separates  the  Kansan  of  the  later  lite- 
rature relating  to  the  Pleistocene  from  the  oldest  drift  of  the  r^ion,  so 
far  as  known,  from  the  lately  added  member  of  our  Glacial  series — the 
])re-Kansan  or  sub-Aftonian  till. 

Comparisons  with  other  Formations 
lowan  compared  with  the  kansan 

The  lowan  drift  in  northeastern  Iowa  rests  directly  on  what  has  come 
to  be  called  the  Kansan,  or  on  the  secondary  product  of  the  Kansan, 
which  has  been  described  under  the  name  of  the  Buchanan  gravels. 
The  Kansan  becomes  the  superficial  till  around  the  southern  and  eastern 
borders  of  the  lowan.  Whether  this  till  bordering  and  underlying  the 
lowan  is  in  reality  the  deposit  to  which  the  name  Kansan  was  originally 
applied,  need  not  now  be  argued.  It  is  sufficient  to  say  that  it  is  the 
formation  which  all  recent  writers  on  Pleistocene  geology  have,  by  com- 
mon consent,  adopted  as  the  Kansan,  and  it  is  to  be  hoped  that  the 
present  usage  will  not  be  changed. 

The  contact  relations  of  the  lowan  and  Kansan  constantly  invite  com- 
parisons between  the  two  drift-sheets,  and  such  comparisons  bring  out  a 
number  of  striking  differences.  In  the  area  under  consideration  the 
Kansan  contains  none  of  the  large  coarse  textured  boulders  that  are  .so 
characteristic  a  feature  of  the  lowan.  Kansas  boulders  are  relatively 
small.  Very  rarely  do  they  exceed  4  feet  in  diameter,  and  in  a  majority  of 
cases  the  diameter  is  less  than  10  inches.  Dark,  fine  grained  green-stones 
are  common  in  the  Kansan  and  rare  in  the  lowan,  and  the  same  is  true  of 
limestone  fragments  and  pebbles.  The  till  of  the  Kansan  is  normally 
blue,  while  the  lowan  is  yellow.  In  the  intervals  or  intervals*  between 
the  Kansan  and  the  lowan  the  upper  part  of  the  Kansan  was  profoundly 
modified  by  aqueous  and  atmospheric  agencies.  The  changes  wrought 
in  these  intervals  are  expressed  in  (1)  erosion,  (2)  oxidation,  (3)  leach- 
ing, and  (4)  in  the  decay  of  the  contained  boulders  in  the  zone  of  weath- 
ering. 1.  The  Kansan  surface  was  very  deeply  eroded,  and  mature  ero- 
sional  topography  was  completely  developed  before  the  lowan  drift  was 
laid  down  on  it.  2.  The  surface  was  weathered  and  oxidized  to  a  depth 
of  from  6  to  12  feet,  as  shown  in  many  recent  exposures.  The  oxidation 
is  most  complete  in  the  upper  3  or  4  feet,  from  which  depth  there  is  a 
gradual  transition  to  the  normal  blue,  un weathered  phase.     The  weath- 

*  Leverette  has  shown  that  three  stages  of  the  Glacial  series  are  represented  by  the  interYal  be- 
tween the  Kansan  and  the  lowan.  These  are  re.speotively  Yarmouth  (interglacial),  IlUnoifta 
(Kl<icial),  and  Sangamon  (interglacial). 
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ering,  however,  descends  along  joints  in  the  blue  cla}'  to  a  depth  of  20  or 
30  feet.  3.  The  lime  constituent  of  the  Kansan  till  was  completely  re- 
moved from  the  weathered  zone,  partly  by  leaching  and  probably  in  part 
by  the  growth  of  vegetation  during  the  long  interglacial  intervals.  That 
leaching  was  the  process  most  effectual  in  the  removal  of  the  lime  carbo- 
nate is  indicated  by  a  zone,  from  8  to  12  feet  below  the  surface,  charged 
with  calcareous  concretions  resembling  loess-kindchen.  These  concre- 
tions evidently  represent,  in  concentrated  condition,  the  lime  carbonate 
originally  distributed  through  the  overlying  portion  of  the  till.  The 
material  composing  them  was  doubtless  carried  in  solution  by  descend- 
ing waters  which  were  probably  charged  with  carbon  dioxide  from  de- 
caying vegetation.  Below  the  zone  of  leaching  the  blue  Kansan  till  is 
decidedly  calcareous.  4.  Finally  in  the  weathered  zone  certain  kinds 
of  granites,  as  well  as  boulders  of  some  other  rock  species,  are  completely 
softened  and  decayed. 

That  the  erosion,  oxidation,  leaching,  and  rock  decay  enumerated 
above  took  place  before  the  advent  of  the  lowan  ice  is  clearly  indicated 
by  numerous  facts.     In  tlie  first  place,  there  is  convincing  evidence  re- 
specting all  the  characters  named  beneath  the  lowan  drift,  but  the  deposi- 
tion of  the  lowan  covered  up  and  protected  the  Kansan  surface  and  put 
an  end  to  all  the  processes  that  worked  for  change.    There  has  been  no 
cliange  since.     The  Kansan  surface  is  in  the  precise  condition  it  was 
when  the  lowan  was  laid  down  on  it.     In  the  second  place,an  examina- 
tion of  the  belt,  4  or  5  miles  wide,  just  outside  the  lowan  margin,  dis- 
closes a  very  large  number  of  satisfactory  sections  supporting  the  same 
conclusion.     When  the  lowan  ice  was  at  its  maximum  a  heavy  body  of 
loess  was  laid  down  within  this  belt,  and  indeed  for  many  miles  beyond 
it.     The  loess  was  thick  enough  to  protect  the  Kansan  surface  from  the 
effects  of  the  atmosphere,  as  did  the  lowan  till  in  the  intra-marginal 
area.    Since  the  settlement  and  cultivation  of  the  country  rainwash  has 
cut  deep  trenches  in  the  fields  and  along  the  roadsides,  and  so  has  re- 
vealed in  hundreds  of  instances  the  significant  fact  that  the  loess  was 
moulded  over  an  eroded,  oxidized,  and  leached  surface  of  Kansan  till, 
the  upper  zone  of  which  was  characterized  by  the  presence  of  numerous 
boulders  so  far  decayed  that  they  fall  to  pieces  by  their  own  weight.    On 
the  other  hand,  the  lowan  surface  is  not  eroded  to  any  measurable  extent, 
the  surface  presents  no  signs  of  oxidation  or  leaching,  and  the  granitic 
boulders  show  practically  no  indications  of  decay.    Measured  by  the 
effects  produced  the  interval  between  the  Kansan  retreat  and  the  lowan 
invasion  was  many  times  the  length  of  all  post-Iowan  time.     Taking 
account  of  all  the  facts,  it  would  not  seem  extravagant  to  say  that  it  was 
50  times  as  long.     It  would  certainly  be  very  conservative  to  estimate  it 
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at  35  or  20  times  the  length  of  the  post-Iowan  interval.  The  lowan  sur- 
Cekce,with  ver}^  rare  and  insignificant  exceptions,  is  free  from  loeas,  whereas 
the  Kansan  surface  is  almost  universally  loess-covered,  except  where  it 
is  overlain  by  other  sheets  of  drift. 

lOWAN  COMPARED  WITH  THE  ILUNOIAN 

The  diflferences  between  the  lowan  and  the  lUinoian  are  relatively  not 
so  very  great.  The  lUinoian  surface,  it  is  true,  shows  distinct  effects  of 
erosion,  oxidation,  and  leaching,  but  these  processes  have  been  carried 
to  a  £eir  less  extent  than  in  the  case  of  the  Kansan.  The  color  of  the 
lUinoian  till,  where  fresh  and  unweathered,  is  quite  like  that  of  the  lowan, 
and  the  boulders  are  somewhat  similar,  though  very  much  inferior  in 
average  size.  The  Illinoian  aurface,  like  that  of  the  Kansan,  is  very  gen- 
fvrally  covered  with  loess.  Judging  by  the  changes  that  had  been  wrought 
in  the  surface  of  the  Illinoian  before  the  loess  was  laid  down  on  it,  this 
sheet  of  till  is  at  least  5  or  6  times  as  old  as  the  lowan. 

lOWAN  COMPARED  WITH  THE  WISCONSIN 

The  Wisconsin  drift  is  represented  in  Iowa  by  the  Des  Moines  lobe. 
From  Hardin  county  northward  the  eastern  edge  of  this  lobe  overlaps 
the  lowan,  and  the  relations  are  such  as  to  offer  ready  facilities  for 
making  comparisons  between  the  two  sheets  of  till.  Compared  with 
the  lowan  the  clay  of  the  Wisconsin  is  paler  or  lighter  yellow ;  it  is  very 
much  richer  in  calcium  carbonate  and,  in  striking  contrast  with  the 
lowan,  it  is  crowded  with  countless  numbers  of  limestone  pebblas.  The 
crystalline  boulders,  as  a  rule,  are  smaller,  and  they  are  never  so  numer- 
ous as  they  are  in  some  parts  of  the  lowan  area.  The  surface  has  suf- 
fered no  appreciable  change  since  the  withdrawal  of  the  Wisconsin  ice. 
There  has  been  practically  no  erosion.  One  may  travel  scores  of  miles 
without  seeing  a  definite  stream  channel  of  any  kind.  Numerous  un- 
drained  kettle  holes  and  depressions  characterize  the  broadly  undulating 
expanses  of  prairie.  There  are  no  detectable  signs  of  even  the  incipient 
stages  of  oxidation  and  leaching.  Everything  indicates  that  in  point  of 
age  the  Wisconsin  is  even  younger  than  the  lowan,  but  is  more  nearly 
related  to  the  lowan  in  this  respect  than  is  either  of  the  other  drift-sheets 
of  the  Mississippi  valley.  It  may  safely  be  said  that  the  lowan  is  not 
more,  or  certainly  not  much  more,  than  twice  as  old  as  the  Wisconsin. 
Both  of  these  drift-sheets  are  young  when  compared  with  the  Illinoian ; 
very  youag  when  compared  with  the  much  older  Kansan. 

West  of  the  Wisconsin  area  in  northwestern  Iowa  there  is  a  sheet  of 
till  older  than  the  Wisconsin  and  younger  than  the  Kansan,  which  has 
been  regarded  provisionally  as  the  equivalent  of  the  lowan  east  of  the 
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Wisconsin  lobe.  More  recent  studies  in  this  r^ion  have  cast  some  doubt 
on  the  lowan  age  of  the  till  in  question.  The  erosion,  oxidation,  and 
leaching  of  the  surface  is  very  much  greater  than  in  the  typical  lowan 
of  northeastern  Iowa,  and  furthermore  a  mantle  of  loess  is  moulded  over 
the  irregularities  of  the  surface.  The  lowan  drift  in  the  typical  area  is 
all  but  universally  free  from  loess. 

^  The  Iowan  Margin 

its  sinuosities  and  digitati0n8 

There  are  reasons  for  believing  that  the  lowan  ice  was  very  thin  at  the 
margin,  and  the  same  attenuation  must  have  characterized  it  for  a  tium- 
ber  of  miles  back  from  the  margin.  This  thin  condition  of  the  marginal 
portions  of  the  ice-field  is  inferred  from  the  fact  that  the  ice  seems  to  have 
been  incapable  of  overcoming  hills  or  prominences  of  any  considerable 
altitude.  Furthermore,  the  ice  for  some  reason  was  unusually  motile 
and  seems  to  have  been  capable  of  flowing  completely  around  obstacles 
that  it  did  not  surmount,  even  when  the  obstacle  was  a  highland  area 
embracing  a  score  or  more  of  square  miles.  The  same  motility  is  indi- 
cated by  the  fact  that,  along  its  free  margins,  it  had  the  habit  of  flowing 
in  numerous  long,  digit-like  lobes  wherever  the  ground  was  low  and  favor- 
able, the  marginal  lobes  being  usually  separated  from  each  other  by  re- 
entrant angles  occupied  by  slightly  higher  ground  that  the  ice  did  not 
overflow.  Accordingly  the  margin  of  the  lowan  area  is  very  sinuous, 
and  many  unexpected  eccentricities  of  distribution  are  encountered  in 
tracing  it  in  the  field. 

LOESS  RIDGES  ALONG  THE  MARGIN 

The  North  Liberty  and  Solon  lobes  of  Johnson  county,  separated  by 
the  loess- covered  Kansan  highland  traversed  by  the  Iowa  river,  afibrd  a 
good  illustration  of  this  peculiar  characteristic.  The  Cedar  river,  from 
a  point  above  Cedar  Rapids,  has  carved  its  valley  in  another  highland 
of  the  same  kind,  and  it  is  this  loess-covered  Kansan  ridge  that  separates 
the  Solon  lobe  from  a  narrow  and  very  typical  tongue  of  lowan  that  runs 
down  to  the  little  town  of  Buchanan,  in  Cedar  county.  Tipton  is  sit- 
uated near  the  western  edge  of  a  low,  broad,  interlobular,  loess-covered 
region  of  Kansan  drift.  The  Wapsipinicon  valley  was  followed  in  its 
lower  course  by  a  long,  narrow  lobe  of  lowan  ice  which  pushed  down  to 
Clinton  and  across  the  Mississippi  river.  On  the  east  side  of  the  river 
this  ice-lobe  encountered  an  insurmountable  barrier  in  the  low  bluffs 
which  mark  the  boundary  of  the  floodplain. 

The  most  erratic  lobes  observed  occur  in  Dubuque  county.    One  hav- 
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ing  an  average  width  of  less  than  3  miles  begins  at  Dyersville  and  extentL? 
to  a  point  5  miles  southeast  of  Parley.  The  total  length  of  this  lobe  is 
about  13  miles,  and  it  shows  a  number  of  distinct  lobulations,  particu- 
larly at  its  southeastern  extremity.  A  moderately  high  ridge  of  Kansan 
overlain  with  loess,  less  than  3  miles  wide,  separates  the  lobe  described 
from  another  and  more  slender  lowan  area  which  begins  near  Worthing- 
ton  and  continues  southeast  for  a  distance  of  nearly  20  miles.  This  lai*t 
area  is  constricted  at  one  or  two  points  to  very  narrow  dimensions.  Rocky 
cliffs  encroach  upon  the  low  plain  that  afforded  the  opportunity  for  the 
extension  of  the  thin  ice-lobe,  and  in  passing  them  the  ice-stream  was 
reduced  in  width  to  a  few  hundred  j'ards,  after  which  it  broadened  out 
again  where  the  surface  configuration  rendered  such  broadening  possible. 
Both  of  the  lobes  noted  blend  into  the  general  lowan  plain  west  of  the 
Dubuque  county  line. 

A  short  distance  north  of  Dyersville  the  lowan  boundary  crosses  into 
Delaware  county  and  follows  a  very  sinuous  line  to  the  middle  of  the 
north  line  of  the  county  named,  whence  it  passes  with  similar  windings 
through  the  southwest  part  of  Clayton  into  Fayette,  and  maintains  the 
same  sinuous  characteristics  through  Winneshiek  county  to  the  state  line. 

RELATION  TO  MARGIN  OF  KANSAN  ALONG  EDGE  OF  DRIFTLESS  AREA 

Along  its  eastern  and  northeastern  border  the  lowan  ice  failed  to  reach 
the  limit  attained  by  the  Kansan,  and  so  a  belt  of  loess-covered  Kansan, 
varying  from  1  to  15  miles  in  width,  occurs  between  the  edge  of  the  lowan 
plain  and  the  Drifbless  area.  The  main  body  of  the  lowan  ice,  for  ex- 
ample, halted  near  the  west  line  of  Dubuque  county ;  only  a  narrow  lobe 
pushed  out  in  the  Dyersville-Farley  area,  and  it  stopped  just  west  of 
Epworth  ;  but  east  of  Peosta  there  is  a  railway  cut  35  feet  in  depth  in  a 
ridge  of  typical  Kansan  drift. 

RELATION  TO  DISTRIBUTION  OF  LOESS 

The  geographical  distribution  and  physical  characteristics  of  the  typical 
loess  of  northeastern  Iowa  suggest  genetic  relationship  with  the  lowan 
till.  That  it  was  in  some  way  derived  from  the  till  when  the  lowan  ice 
invasion  was  at  its  maximum  is  indicated  by  many  lines  of  evidence. 
The  main  body  of  the  loess  is  all  extra-marginal.  Over  no  considerable 
area  is  typical  loess  ever  found  resting  on  lowan  drift.  It  is  thickest  just 
at  the  margin  of  the  region  occupied  by  lowan  ice  at  the  time  of  its 
maximum  development,  and  is  spread  widely,  but  not  uniformly,  over 
the  extra-marginal  space  to  distances  at  present  undetermined.  Ix)e?s, 
or  a  product  resembling  loess,  was  developed  in  connection  with  more 
than  one  drift-sheet,  and  it  is  possible  that  the  lowan  loess  blends  into 
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loess-like  deposits  of  different  age  in  some  portions  of  the  extra-marginal 
territory. 

PAHA  AND  LOESS'KANSAX  ISLANDS  NEAR  10 WAN  MARGIN 

Tliere  are  ridges  and  hills  and  other  areas  of  considerable  extent  cov- 
ered with  loess  inside  the  true  lowan  margin.  Among  the  loess-covered 
topographic  forms  occurring  in  this  situation  are  th^  beautifully  rounded 
prominences  called  **  paha  "  by  McGee.  The  paha  are  characteristic  of 
the  marginal  zone  of  the  lowan,  being  limited  to  a  space  5  or  10,  rarely 
20,  miles  wide,  inside  the  extreme  margin  of  the  lowan  drift.  The  paha 
are  covered  with  loess.  They  rise  sometimes  abruptly  from  the  lowan 
drift-plain.  An  examination  of  their  structure  shows  that  the  loess  was 
moulded  over  a  core  of  rock  or  Kansan  drift  which  stood  prominently 
above  the  general  surface  before  the  oncoming  of  the  lowan  ice.  The 
thin  ice  was  divided  by  the  prominence,  flowed  around  it,  and  left  it  as 
an  island  in  the  frozen  sea,  to  receive,  like  true  extra-marginal  territory, 
its  mantle  of  loess.  There  is  as  yet  no  positive  evidence  that  any  lowan 
drift  was  ever  deposited  over  the  summit  of  the  prominent  core  of  any 
paha  before  the  loess  was  laid  down  upon  it. 

Besides  the  paha,  there  were  in  the  marginal  belt  of  the  lowan  area  a 
few  anomalous  highlands,  embracing  in  one  case  at  least  as  much  as  fifty 
square  miles,  that  were  surrounded  but  not  overflowed  by  lowan  ice. 
Like  other  surfaces  that  were  at  the  time  free  from  ice,  these  were  deeply 
covered  with  loess.  In  these  larger  islands  there  are  none  of  the  char- 
acteristics of  the  true  lowan  area.  The  loess  rests  on  weathered  Kansan 
drift  or  on  residual  cherts  and  clays.  There  is  no  lowan  till,  nor  is  there 
a  sign  of  an  lowan  boulder.  The  topography  conforms  in  all  respects 
to  the  type  that  distinguishes  the  extra-marginal  area.  The  general 
aspect  of  the  island-like  plateaus  rising  above  the  lowan  plain  and  sur- 
rounded by  lowan  drift,  as  well  as  the  structure  and  other  characteristics 
of  the  surface  deposits,  proclaim  these  as  regions  which  had  never  been 
invaded  by  lowan  ice.* 

The  unusual  behavior  of  the  lowan  glacier,  which  expressed  itself  in 
long,  narrow,  marginal  lobes  and  isolated  island-like  spaces  which  the 
ice  surrounded  but  did  not  overflow,  may  possibly  be  accounted  for  by 
conditions  which  seem,  in  some  cases  at  least,  to  have  attended  the  depo- 
sition of  the  lowan  loess.  So  far  as  this  loess  is  of  aqueous  origin,  the 
phenomena  lend  support  to  the  view  that  during  the  maximum  advance 

•  For  a  fuller  account  of  some  of  ihe»e  anomalous  areas  surrounded  by  lowan  drift,  yet  retain- 
HiK  all  the  characteriatics  of  the  extra-marginal  territory,  see  the  Report  on  Delaware  county, 
Iowa  Geological  Survey,  vol.  viii,  p.  132.  There  is  one  Himilar  area  in  Buchanan  county.  See  name 
>  olume,  p.  210. 
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of  the  lewan  ice  the  altitude  of  the  Missiesippi  vaHej  was  k>ir,  aad  that 
the  country  extending  outward  from  the  lowan  margin  was  flooded  with 
practically  stagnant  water.  Admitting  such  a  possibilit3%  it  follows  that 
the  weight  of  the  ice  at  its  edge  was  partly  supported  by  water,  that  the 
friction  between  the  ice  and  the  ground  was  consequently  reduced,  and 
that  by  reason  of  the  diminished  friction  the  motility  of  the  ice  was 
greatly  increased.  This  is  offered,  with  many  misgivings,  merely  as  a 
suggestion  to  account  for  the  remarkable  power  of  flowing  out  in  long 
tongues  and  meeting  around  prominent  elevations  that  seems  to  have 
characterized  an  unusually  ih}n  sheet  of  ice. 
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Introduction 


The  question  whether  the  Pleistocene  ice-sheets  accomplished  a  large 
amount  of  rock  erosion  has  been  a  fruitful  subject  of  discussion.  The 
most  diverse  views  have  been  expressed,  and  there  are  probably  still 
some  geologists  who  think  that  the  ice  executed  only  a  slight  superficial 
scraping  and  polishing,  as  well  as  others  who  ascribe  to  it  works  of  such 
magnitude  as  the  excavation  of  the  basins  of  the  Laurentian  lakes.  The 
most  important  recent  contribution  is  by  Goodchild,  who  shows  that  the 
topography  of  a  large  district  in  Scotland,  a  district  largely  occupied  by 
sandstones,  breccias,  and  other  resistant  rocks,  was  remodeled  by  Pleis- 
tocene ice.  Its  topography  is  rugged  in  detail,  comprising  many  hills 
and  valleys,  and  these  features,  instead  of  conforming  in  trend  to  the 
strike  of  the  rocks,  conform  to  the  direction  of  ice  motion,  which  makes 
wide  angles  with  the  strike.f 

In  line  with  his  conclusions  are  the  phenomena  of  the  Finger  I^akes 
region  in  western  New  York.  Many  of  the  more  striking  features  of  that 
region  have  been  ascribed  by  various  writers  to  ice  sculpture,J  and  my 
own  observation,  which  has  been  somewhat  extensive,  supports  that 
conclusion.  It  appears  to  me  that  the  peculiar  topographic  facies  of  the 
great  body  of  Devonian  shales  underlying  that  district  owes  more  to  ice 
work  than  to  antecedent  water  work,  and  that  the  face  of  the  country  is 


*  The  obserratloos  set  forth  in  this  and  the  two  following  papers  were  made  by  the  author  as  a 
m«*mher  of  the  U.  S.  Geological  Survey,  and  are  here  published  with  permission  of  the  Director  of 
th*"'  Survey. 

t  J.  G.  Goodchild :  Glacialist  Magazine,  vol.  iv,  1896,  pp.  1-7. 

J  S»ee  Ball.  Geol.  Soc.  Am.,  vol.  5,  pp.  339-<)56. 
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essentially  a  moutonn^e  surface,  the  bosses  of  which  are  measured  hori- 
zontally by  miles  and  vertically  by.  hundreds  of  feet. 

While  the  glacial  sculpture  of  this  district  is  probably  as  profound  as 
in  the  district  described  by  Goodchild,  the  indicated  work  is  less,  be- 
cause the  softer  rock  offered  less  resistance,  and  in  northern  New  York, 
where  the  rocks  are  comparable  in  hardness  with  those  of  the  Scottish 
district,  the  ice  seems  to  have  accomplished  comparatively  little.  Sand- 
stones and  limestones  are  not  there  so  disposed  as  to  afford  good  com- 
parative data;  but  in  a  tract  of  crystalline  schists  lying  northeast  of 
Carthage,  and  nearly  bare  of  drift,  the  sculpture  features  are  very  differ- 
ent from  those  depicted  by  Goodchild.  The  principal  structure  of  the 
schist  is  vertical,  and  its  trend  makes  wide  angles  with  the  direction  of 
ice  motion.  The  ridges,  which  are  at  most  only  a  few  scores  of  feet  in 
height,  conform  in  trend  with  the  strike  of  the  foliation,  and  have  been 
but  slightly  remodeled  by  sculpture  on  lines  of  ice  motion.  The  bosses 
of  the  moutonn^e,  pattern  are  measured  by  yards  or  rods. 

While  these  observations  tell  of  ice  action  much  less  energetic  than  in 
Goodchild's  Scottish  field,  they  do  not  conflict  with  his  conclusions,  but 
merely  show  that  local  conditions  were  different.  Whatever  the  general 
potency  of  glacial  ice,  a  wide  variation  of  local  power  should  be  assumed, 
and  the  extent  to  which  ice  is  responsible  for  the  topography  of  a  dis- 
trict is  ordinarily  a  ])roblem  to  be  solved  only  through  the  study  of  local 
phenomena.  The  question  of  the  origin  of  the  basins  of  the  Ijaurentian 
lakes  and  of  the  share  of  work  borne  by  ice  is,  in  ray  judgment,  by  no 
means  insoluble,  but  will  yield  eventually  to  the  careful  accumulation 
and  scrutiny  of  available  facts.  The  present  paper,  while  avoiding  the 
general  discussion,  presents  a  body  of  facts  which  it  is  hoped  may  con- 
tribute to  the  observational  basis  of  the  ultimate  discussion. 

During  the  summer  of  1898  my  field  work  as  a  member  of  the  United 
States  Geological  Survey  consisted  in  the  detailed  mapping  of  a  district 
along  the  shore  of  lake  Ontario  in  New  York  extending  from  the  Niagara 
river  eastward  about  30  miles  to  the  eastern  boundary  of  Niagara  county. 
Reconnaissances  had  previously  covered  Orleans  and  Monroe  counties, 
so  that  some  of  the  conclusions  reached  in  the  district  of  detailed  work 
could  be  extended  with  fair  approximation  from  the  Niagara  river  to 
the  Genesee. 

Observations  on  glacial  sculpture  pertained  to  the  Niagara  limestone, 
the  ledges  at  the  base  of  the  Niagara  escarpment,  and  the  Medina  shale. 

Sculpture  of  the  Niagara  Limestone 

In  w^estern  New  York  the  strata  incline  gently  toward  the  south,  the 
rate  varying  usually  between  25  and  50  feet  to  the  mile,  but  the  general 
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surface  slope  is  toward  the  north.  It  results  that  the  various  formations 
reach  the  surface  in  parallel  belts  running  east  and  west.  Some  of  the 
harder  rocks  find  topographic  expression  in  lines  of  cliflf  facing  north- 
ward, and  this  is  especially  true  of  the  Corniferous  limestone  and  Niagara 
limestone,  each  of  which  is  a  resistant  sheet  interleaved  between  thick 
formations  of  more  yielding  material.  The  Niagara  cliflf  is  the  more 
northerly  and  runs  parallel  to  the  lake  at  a  distance  of  about  10  miles. 
The  Niagara  limestone  is  here  190  feet  thick.  Only  a  small  portion 
is  exposed  in  vertical  section  along  the  cliflf;  the  remainder  is  beveled 


South  North 

FiocBK  1. — FrofUe  ami  Sfction  in  western  New  York  from  the  Comiferout  Terrace  to  Lake  Ontario. 

Vertical  scale  five  times  the  horizontal.    Distance  represented,  25  miles.    Baseline  at  sealeyel. 
C,  Corniferous  limestone.    N^  Niagara  limestone.    L,  shore  of  lake  Ontario. 

oflf  SO  as  to  present  an  inclined  plain  8  or  10  miles  broad.  This  plain 
descends  southward,  the  southern  boundary  of  the  outcrop  being  50  to 
75  feet  lower  than  the  northern.  The  configuration  of  the  rock  surface 
is  in  general  concealed  by  drift,  but  a  few  prominences  are  exposed.  The 
outlines  of  these  trend  in  various  directions  and  do  not  conform  to  the 
direction  of  ice  motion. 

MIDDLEPORT 
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FiovRE  2. — Map  of  Niagara  Limestone  and  Escarpment. 

The  locality  is  near  Gasport  and  Middleport,  New  York.  The  full  line  shows  the  boundary  be- 
tween the  Niagara  limestone  (south)  and  the  Niagara  shale  (north).  The  broken  line  shows  the 
position  of  the  Niagara  escarpment  where  not  coincident  with  the  boundary  of  the  limestone. 

The  northern  boundary  of  the  formation  and  the  associated  cliflf  were 
examined  in  detail  through  a  space  of  30  miles.  For  the  greater  part  of 
this  distance  the  rock  is  exposed  to  view  in  the  crest  of  the  cliff,  but  else- 
where it  is  more  or  less  buried,  and  observation  was  less  satisfactory.  A 
notabje,  and  to  me  surprising,  feature  is  the  absence  of  the  limestone 
from  the  cliflf  through  considerable  spaces.  From  Middleport  westward 
for  a  distance  of  7  miles  only  about  one-half  of  the  cliflf  is  capped  by  lime- 
stone, the  remainder  exhibiting  the  underlying  shale.  The  accompany- 
ing map,  figure  2,  shows  the  relation  of  the  limestone  to  the  cliflf  in  this 
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region.    When  not  coincident  with  the  cliflf,  the  boundary  of  the  lime- 
stone could  not  be  mapped  in  detail,  as  it  is  largely  covered  by  the  drift, 

>  TE3ZErr5Tr«r*,_  ^^^  ^^  approxiiuate  position 

*  ?????^^^^?^^-;:,,.,^^  was  inferred  from  the  records 

■'::^~z2r  Z  Ef  £r-I?iIr^=^;i-^?-l^!!!!'  **r»^*..  of  wells  and  the  distribution 

i  ,  I..  .X  . of  limestone  boulders  in  the 

■-=^  r=-Z.-EL-=~^^.i=z^?''^*^arr-H^., The  first  question  for  which 

FiouEE  3.-7Vpteai  ProJUt*  of  the  Niagara  Escarpment.  anSWCr  WaS  SOUght  at  the  be- 
Tho  profiles  are  drawn  with  and  without  the  Niagara  ginning  of  the  WOrk  waS  the 
limestone.  1,  Niagara  shale.  2,  Niagara  limestone.  3,  radical  One,whether  the  Niag- 
ara escarpment  belonged  to 
the  preglacial  topography  or  had  been  created  by  ice  erosion,  and  this 
question  seems  to  be  answered  by  the  phenomena  alread}'  described. 
The  occasional  absence  of  the  limestone  from  the  crest  of  the  escarpment 
suggests  that  the  action  of  the  ice  may  have  tended  even  to  obliterate 
the  cliff;  and  certainly  if  it  had  created  the  cliflf  by  rapid  erosion  of  the 
shale  where  unprotected  by  the  limestone,  we  could  not  exj)ect  it  to  re* 
verse  the  process  and  uncover  the  shale  by  carrying  away  the  protecting 
armor.  Moreover,  the  southward  slope  of  the  plain  on  the  back  of  the 
limestone — a  slope  in  the  direction  of  the  dip,  but  opposed  to  the  general 
descent  of  the  region — is  characteristic  of  subaerial  and  not  glacial  ero- 
sion, and  the  failure  of  minor  ridges  of  that  surface  to  conform  in  trend 
to  the  direction  of  ice  motion  indicates  that  the  surface  received  com- 
paratively little  modification  from  the  ice.  All  the  more  general  features 
of  the  limestone  belt  thus  seem  to  be  preglacial. 

From  the  Niagara  river  eastward  to  Lock  port,  a  distance  of  nearly  20 
miles,  the  edge  of  the  limestone  is  almost  continuously  exposed  to  view, 
and  with  slight  exception  it  coincides  with  the  escarpment.  The  general 
course  is  east  and  west,  but  the  outline  is  diversified  by  salients  and  re- 
entrants, so  that  the  clifiF  may  be  divided  into  two  gets  of  courses,  the 
one  trending  south  of  west  and  the  other  south  of  east.  The  general 
direction  of  ice  motion  in  the  region  was  toward  the  southwest,  and  it 
was  thus  diversely  related  to  the  two  clifi*  trends.  Where  the  clifl  face 
trends  toward  the  southwest,  or  api)roximately  in  the  direction  of  ice 
motion,  its  contours  are  simple.  Where  it  trends  toward  the  southeast, 
so  as  to  make  a  wide  angle  with  the  direction  of  ice  motion,  its  contours 
are  deeply  inflected  or  serrated,  the  axes  of  serrations  being  parallel  to 
the  glacial  striae.  In  other  words,  the  portions  of  cliff  whose  faces  were 
directly  opposed  to  the  ice  advance  are  characterized  by  furrows,  and  the 
portions  met  by  the  ice  at  a  small  angle  are  free  from  furrows.  The  fur- 
rows have  smooth  sides  and  bottoms,  the  latter  rising  slowly  to  the  level 
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of  the  plain,  and  their  configuration  is  in  all  respects  characteristic  of 
glacial  erosion.  They  range  in  depth  from  10  to  30  feet,  are  usually 
several  hundred  feet  broad,  and  the  longest  probably  extends  more  than 
a  half  mile  into  the  plain.  Tlie  diagram  in  figure  4  shows  the  general 
character  of  the  rock  contours,  but  without  representing  any  individual 
contour  at  equal  height  above  the  sea.  The  equivalent  topographic  out- 
line is  less  sinuous,  because  the  rock  furrows  are  largely  filled  by  drift. 

UWISTON 
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FiouRB  4. — Oontour  on  the  ?»^iagara  Limestone  at  the  Niagara  Escarpment. 
Tlie  escarpment  faces  north.    Arrows  Hhow  observed  tlirections  of  glacial  strice. 

The  configuration  of  the  cliflf  seems  to  show  that  in  the  regions  where 
the  trend  is  southwest  all  minor  salients  have  been  pared  away  by  the 
ice,  and  that  where  the  trend  is  southeast  minor  irregularities  of  the  face 
have  been  exaggerated  and  small  reentrants  drawn  into  furrows ;  but  the 
principal  salients  and  reentrants  of  the  topography  are  preserved,  and 
ice  modification  is  limited  to  minor  details  of  form. 

Considering  this  evidence  of  cliff  sculpture,  in  connection  with  the 
removal  of  the  limestone  in  the  Middleport  region  and  the  non-glacial 
shapes  of  the  rock  ridges  of  the  upper  plain,  it  would  appear  that  the 
ice-sheet  concentrated  its  work,  so  far  as  the  Niagara  limestone  is  con- 
cerned, on  the  crest  of  the  escarpment,  and  that  even  there  its  results  were 
of  secondary  rather  than  primary  importance.  Probably  the  limestone 
at  its  escarpment  lost  on  the  average  only  10  to  20  feet  of  thickness,  and 
from  the  broad  belt  of  outcrop  the  general  loss  may  have  been  as  small 
as  5  feet. 

Sculpture  of  the  Clinton  and  Medina  Ledges 

• 

Beneath  the  Niagara  limestone  are  80  feet  of  shale  belonging  t6  the 
Niagara  formation  ;  then  25  feet  of  limestone  (Clinton),  and  then  a  great 
body  of  shales  (Medina  and  Hudson  River),  containing  a  few  sandstone 
lenses  near  the  top.  The  Clinton  limestone  and  the  sandstone  ledges 
are  strong  beds,  but  the  remainder  of  the  section  consists  of  weak  shale, 
o])posing  little  resistance  to  erosion.  The  Clinton  limestone  is  continu- 
ous and  uniform,  the  sandstones  discontinuous.  The  sandstones  lie  at 
various  depths  below  the  limestone,  ranging  from  40  to  100  feet.  The 
heaviest  sandstone  is  20  feet  thick  at  Lewiston,  diminishes  eastward  in 
a  few  miles  to  4  feet,  then  thickens  to  14  feet,  and  finally  disappears  near 
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Pekin.  After  an  interval  of  4  miles  another  lens  appears  at  about  the 
same  horizon  and  continues  eastward  for  20  or  more  miles,  being  accom- 
panied near  Lockport  by  two  other  lenses,  one  above  and  the  other  below. 
In  preglacial  time  the  topography  of  the  country  was  presumptively 
of  subaerial  type.  As  the  Niagara  escarpment  was  then  in  existence, 
the  land  was  not  at  baselevel,  and  the  general  features  of  a  larger  dis- 
trict show  that  the  slope  of  the  country  was  then,  as  now,  toward  the 
north.  We  may  assume,  .therefore,  that  the  land  north  of  the  escarp- 
ment was  traversed  by  north-flowing  streams  and  was  characterized  by 
a  system  of  parallel  valleys  and  interstream  ridges.  In  passing  each 
stream  valley  the  outcrops  of  the  le'dges  were  deflected  southward,  and 
in  passing  the  intervening  ridges  northward,  so  that  the  outline  of  each 
outcrop  comprised  a  series  of  reentrants  and  salients.  This  scalloped 
pattern  is  not  now  found,  and  its  absence  is  to  be  ascribed  to  ice  sculp- 
ture.   Each  ledge  has  lost  its  projecting  capes,  and  may  have  lost  a  large 
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Fkr're  ii.—Plan  of  the  noi-them  BoundarUs  of  resistant  Ledges, 

The  lower  (south)  full  line  is  the  boundary  of  the  Niagara  limestone.  The  broken  line  if^  the 
boundary  of  the  Clinton  limestone.  The  upper  full  lines  are  boundaries  of  sandstone  lensei;  oftl^ 
Medina  formation.    JV,  portion  of  Niagara  river.    P,  Pekin.    L,  Lockport. 

territory  in  addition.  At  two  points  near  Pekin,  where  the  Clinton  lime- 
stone has  no  support  from  underlying  sandstone,  it  has  been  eaten  back 
to  the  very  base  of  the  Niagara  cliff*,  and  the  same  is  true  for  a  space  of 
several  miles  near  Lewiston,  although  there  its  resistance  was  reenforced 
by  that  of  a  strong  sandstone  ledge.  On  the  Canadian  side  of  the  Niagara 
river  not  only  are  the  limestone  and  sandstone  worn  back  to  the  Niagara 
escarpment,  but  the  underlying  shale  has  been  removed  to  a  depth  of 
about  40  feet,  so  tliat  the  whole  escarpment  has  a  height  of  250  feet,  with 
the  outcrop  of  the  Clinton  limestone  midway  on  the  slope.  No  data 
have  been  found  on  which  to  base  an  estimate  of  the  extent  to  which 
these  ledges  have  been  eroded,  but  it  seems  clear  that  the  belt  of  removal 
was  much  broader  than  in  the  case  of  the  Niagara  limestone,  so  that  the 
Niagara  escarpment  was  rendered  more  prominent  than  formerly  by  the 
erosion  of  material  at  its  base. 

Sculpture  of  the  Medina  Shale 

The  main  body  of  the  Medina  formation  below  the  sandstone  ledges 
consists  of  red  shale  and  has  a  thickness  of  several  hundred  feet    This 
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underlies  a  plain  about  7  miles  broad,  sloping  northward  from  the  foot 
of  the  escarpment  to  the  shore  of  lake  Ontario  and  descending  in  that 
distance  100  to  175  feet.  If  this  plain  were  featureless,  each  traversing 
stream  would  follow  the  shortest  path  to  the  lake  and  its  course  would 
be  normal  to  the  lake  shore.  In  fact,  however,  only  a  few  streams  take 
this  direct  route,  and  the  majority  are  deflected  toward  the  east,  running 
northeastward  instead  of  northward.  On  the  accompanying  map  it  will 
l>e  noted  thai  Johnson  creek  runs  northeastward  for  15  miles,Oak  Orchard 
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FiouRK  6. — Drainage  Map  in  locnttrrn  Nexc  York. 

The  Area,  represented  measarefi  75  by  31  mileii.  The  smooth  lines  are  contours  at  400,  (XX),  and  800 
f*et  al^tove  tide.  The  southern  lM>undary  of  the  Medina  shale  lies  between  the  4<X)-foot  and  600-foot 
contours.    Arrows  show  the  direction  of  ice  motion  as  recorded  by  strise  and  drumlins. 

for  nearly  the  same  distance,  and  most  of  the  minor  streams  reacning  the 
lake  between  Johnson  creek  and  Eighteenmile  creek  have  northeasterly 
courses.  Other  streams,  like  Sixmile  and  Ho})kin8  creeks  and  the  west 
branch  of  Twelvemile,  are  made  up  of  reaches  alternating  northward  and 
northeastward  in  direction,  reminding  one  of  the  drainage  lines  among 
folded  rocks  which  alternately  follow  and  cross  the  strike.  The  east  branch 
of  Eighteenmile  creek  has  for  7  miles  a  southwest  course  parallel  to  the 
northeasterly  courses  of  other  creeks. 

Some  of  these  peculiarities  were  noted  by  Hall,  who  suggested  control 
by  a  system  of  rock  fissures,*  but  this  explanation  is  unsatisfactory,  as 
tbe  general  trend  of  joints  in  the  district  is  due  east  and  west. 

In  these  days  of  accepted  glacial  theory,  when  the  idea  of  topographic 
modification  by  ice  is  familiar  to  all,  glacial  action  readily  suggests  itself 
in  explanation  of  anomalies  of  drainage,  and  the  working  hypothesis 
with  which  I  entered  the  field  was  that  of  control  by  ridges  of  drift.  It 
was  already  known  that  a  lobe  or  deep  current  of  the  ice-sheet  followed 
the  Ontario  basin  from  east  to  west,  spreading  southward  in  such  away 


♦Geology  of  Fourth  District,  p.  435. 
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as  to  produce  striae  gradually  curving  from  west  to  south,  and  the  pecu- 
liarities of  drainage  under  consideration  were  seen  to  fall  into  this  general 
scheme  of  trends. 

Only  a  few  days  of  close  observation  were  necessary  to  show  that  the 
drift-ridge  hypothesis  was  inadequate,  and  it  was  finally  abandoned  for 
all  the  Medina  plain  except  a  tract  in  Monroe  county  near  the  Genesee 
river.  The  principal  facts  leading  to  its  abandonment  are  connected 
with  the  depth  of  the  drift.  If  the  creeks  were  guided  by  ridges  of  drift 
the  general  depth  of  drift  should  be  greater  in  the  interstream  tracte 
than  under  the  stream  valleys,  but  the  reverse  of  this  obtains  through 
nearly  the  whole  district  of  peculiar  drainage.  Along  the  creeks  running 
ning  northeast  the  drift  mantle  is  relatively  thick ;  between  them  it  is 
relatively  thin. 


s,6o*E.  N.eo'w., 

FiuuKB  1.— Diagrammatic  Section  of  glacial  Furrow  and  Sidget. 

sA,  shale  of  the  Medina  formation,  cid,  drift.  DD,  region  of  sub-lacustrine  degradation.  A^  re- 
gion of  sub-lacustrine  aggradation.  C,  creek  valley.  The  dotted  line  shows  original  profile  of 
glacial  drift. 

The  greater  part  of  the  surface  was  flooded  by  the  glacial  lake  Iroquois, 
and  that  lake  had  an  important  influence  on  the  topography,  not  merely 
silting  up  hollows  with  its  sediments,  but  washing  till  from  the  hills  and 
ridges  and  reducing  the  whole  surface  to  a  gently  undulating  plain.  This 
plain  isiso  even  that  the  faint  ridges  by  which  the  drainage  is  actually 
controlled  are  hardly  discernible  by  the  eye.  Where  the  drift  was  eroded 
by  the  agitation  of  the  lake  water  only  its  finer  material  was  removed, 
the  boulders  being  left,  and  the  regions  of  greatest  lacustrine  degradation 
are  represented  at  the  present  time  by  tracts  of  stony  land,  whose  un- 
fortunate owners,  after  utilizing  the  boulders  as  far  as  possible  in  the 
making  of  fences,  construct  great  cairns  from  the  surplus  without  seeming 
to  exhaust  the  supply.  This  accumulation  of  residuary  boulders  is  dis- 
tinguished from  bouldery  till  by  the  fact  that  it  is  only  superficial.  At 
a  depth  of  2  or  3  feet  the  evidence  of  concentration  ceases,  and  the  till 
below  is  but  moderately  stony.  In  a  few  localities  the  layer  of  boulders 
rests  directly  on  the  red  shale,  and  the  remnant  of  finer  drift  is  too  small 
for  profitable  culture.  In  belts  of  lacustrine  aggradation,  on  the  other 
hand,  the  soil  is  stoneless  clay  or  sand,  or  sometimes  gravel,  and  the  drift 
is  deeper,  often  so  deep  that  the  farmer's  well  does  not  reach  its  base. 
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From  these  facts  it  appears  that  if  the  drift  were  wholly  removed  and 
the  rock  surface  bared  the  topography  would  comprise  a  series  of  ridges 
and  troughs  running  parallel  to  the  trend  of  the  northeasterly  streams. 
The  details  of  rock  configuration  conform  to  the  direction  of  ice  motion, 
and  are  evidently  products  of  glacial  erosion. 

The  depth  of  the  furrows  is  not  definitely  known,  but  some  of  them 
exceed  40  feet.  Measurement  was  largely  dependent  on  thd  facilities 
afforded  by  surface  wells,  and  these  do  not  completely  traverse  the  drift 
in  the  deeper  furrows.  The  significant  fact  is  that  throughout  a  consider- 
able area  the  preglacial  topography,  presumably  including  a  system  of 
shallow  valleys  descending  northward,  was  obliterated,  and  a  radically 
different  system  of  valleys  was  wrought.  This  could  hardly  have  been 
accomplished  without  a  general  reduction  of  the  surface  to  the  extent  of 
40  or  50  feet,  and  the  amount  may  have  been  considerably  greater.  The 
amount  was  surely  greater  in  the  vicinity  of  the  Niagara  river,  where 
erosion,  as  already  mentioned,  not  only  carried  the  outcrop  of  the  chief 
sandstone  ledge  back  to  the  line  of  the  Niagara  escarpment,  but  removed 
so  much  of  the  underlying  shale  that  the  sandstone  outcrop  now  con- 
tours the  face  of  the  escarpment  for  some  distance  above  its  base. 

The  failure  of  the  glacial  furrows  to  control  the  courses  of  Eighteen- 
mile  creek  and  Niagara  river  is  due  to  local  conditions.  At  each  of  these 
points  the  lowering  of  glacial  lakes  to  the  plane  of  lake  Iroquois  was  ac- 
companied by  a  stupendous  torrent  pouring  over  the  Niagara  escarp- 
ment *  and  the  detritus  thus  borne  northward  helped  to  silt  up  the  gla- 
cial furrows  of  the  plain.  The  subsequent  lake  action  completed  the 
work  of  gradation,  so  that  when  Iroquois  was  drained  away  these  two 
5<tre^m8  found  lines  of  continuous  descent  before  them  and  chose  direct 
courses  to  lake  Ontario. 

Summary 

The  ice  left  the  broad  plateau  of  firm  Niagara  limestone  with  little 
modification.  The  cliff  at  its  northern  edge  was  somewhat  worn,  but  its 
lM)8ition  not  materially  changed.  The  resistant  ledges  north  of  the 
Niagara  limestone  were  worn  back  so  far  as  to  lose  the  contours  typical 
<if  subaerial  erosion.  The  topography  of  the  Medina  shale  was  recon- 
5<tructed,  its  system  of  stream  valleys  and  interstream  ridges  being  re- 
placed by  glacial  fiuting  on  a  large  scale.  While  the  Niagara  escarp- 
ment antedates  the  period  of  glacial  sculpture,  ice  erosion  rendered  it 
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more  prominent  by  excavation  along  its  base  and  by  the  general  d^ra- 
dation  of  the  lowland  it  overlooks. 

The  district  exhibits  a  marked  contrast  between  the  extent  of  erosion 
from  a  broad  mass  of  limestone  on  the  one  hand  and  a  broad  mass  of 
shale  on  the  other,  the  ratio  being,  roughly,  as  1  to  10  or  1  to  20. 
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Observations 


On  the  shore  of  lake  Ontario,  30  miles  east  of  the  mouth  of  the  Niagara 
river,  is  a  bluff  point  on  which  a  lighthouse  stands.  The  waves  are 
there  actively  engaged  in  eating  back  the  shore,  and  their  work  has  pro- 
duced a  cliflF  about  20  feet  high,  exhibiting  red  shale  of  the  Medina  for- 
mation, with  a  thin  cover  of  drift.  The  shale  is  of  variable  texture,  some 
of  its  layers  being  so  arenaceous  as  almost  to  deserve  the  name  of  sand- 
stone. The  strata  lie  nearly  horizontal,  except  at  one  place.  At  the 
apex  of  the  cape  is  a  fractured  anticline,  and  this  is  accompanied  by  a 
vertical  dislocation  of  6  feet,  the  uplift  being  on  the  northeast  side.  The 
axis  of  the  disturbance  trends  northwest  and  southeast,  and  the  outline 
of  the  coast  is  such  that  the  disturbance  reappears  in  the  bluff  about  200 
feet  to  the  eastward.  There  was  also  at  the  time  of  my  visit  a  third 
point  of  exposure,  where  the  waves  had  reached  the  zone  of  fracture  and 
developed  a  small  cave. 

Figure  1  gives  a  section  of  the  anticline  at  the  point  of  best  exposure, 
and  its  character  is  further  shown  in  plate  12.  The  disturbed  zone  di- 
minishes downward,  as  though  terminating  or  changing  to  a  simple  fault 
a  short  distance  below  the  exposure.  At  the  top  the  anticline  is  over- 
turned toward  the  right,  or  southwest,  a  feature  to  be  more  fully  described 
presently.  At  the  base  of  the  section  observation  is  cutoff  by  the  shingle 
of  the  beach,  but  evidence  of  disturbance  reappears  at  a  distance  of  a 
few  rods  beneath  the  water  of  the  lake,  where  beds  of  the  same  forma- 
tion show  an  anticlinal  structure,  and  this  structure  was  traced  as  far 
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from  the  shore  as  the  bottom  could  be  observed  without  the  aid  of  a 
boat. 

Where  the  dislocation  reappears  toward  the  southeast  in  the  lake  cliff 
there  is  no  anticline,  but  instead  a  monoclinal  flexure,  descending  from 
the  uplifted  mass  at  the  northeast  to  the  undisturbed  mass  at  the  south- 
west. 

Above  the  cliff  the  general  slopes  of  the  land  are  gentle,  presenting  the 
subdued  contours  of  a  ground  moraine.     From  this  even  surface  there 
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rises  a  low  but  unmistakable  hill  coincident  in  position  with  the  anti- 
cline (see  figure  2).  This  indicates  that  the  dislocation  occurred  after 
the  deposition  of  the  till,  for  a  ground  moraine  does  not  ordinarily  reflect 
such  topographic  details  on  its  surface. 

As  already  mentioned,  the  upper  part  of  the  anticline  is  overturned 
toward  the  southwest.  In  the  natural  section  its  outlines  are  somewhat 
indefinite,  because  the  fractured  rock  is  not  readilv  discriminated  from 
the  surrounding  till,  composed  chiefly  of  the  same  material ;  but  it  is 
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clear  that  portions  of  the  anticline  pass  beyond  the  vertical  and  are  sup- 
ported by  the  enveloping  till. 

Interpretations 

With  reference  to  questions  of  cause,  two  features  of  the  overturning 
are  specially  significant :  one,  that  the  overthrow  is  restricted  to  the  part 
projecting  above  the  surrounding  rock ;  the  other,  that  the  crest  is  thrown 
toward  the  southwest,  or  in  the  direction  of  the  local  movement  of  the 
Pleistocene  ice-sheet.  These  peculiarities  point  to  the  glacier  as  the  cause 
of  the  overturning,  and  the  deformation  is  thus  distinguished  from  the 
ordinary  anticlinal  ridges  of  the  old  lake  bottoms,  which  are  clearly  sub- 
se<|uent  not  only  to  the  ice-sheet  but  to  the  glacial  lakes. 

On  the  other  hand,  the  disturbance  can  not  have  been  preglacial,  for 
in  that  case  ice  erosion  would  have  destroyed  the  projecting  rock  ridge. 
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Indeed,  the  preservation  of  this  frail  ridge  of  crushed  rock,  and  of  the  still 
softer  ridge  of  till,  shows  that  there  was  little  ice  scour  after  the  disloca- 
tion occurred. 

The  only  assumption  as  to  time  which  seems  to  accord  with  all  the 
tacts  dates  the  deformation  just  before  the  ice  at  this  locality  ceased  to 
move.  The  edge  of  the  glacier  stood  here  when  the  uplift  took  place, 
there  was  enough  subsequent  motion  to  overturn  the  projecting  anticline, 
and  then  the  ice  stopped  or  its  face  was  melted  back. 

The  association  of  the  disturbance  with  the  ice  margin  leads  naturally 
to  the  further  hypothesis  that  the  glacier  was  responsible  for  all  the 
phenomena — that  the  forward  thrust  of  the  glacier  was  able,  under  the 
critical  conditions  obtaining  at  the  ice  margin,  to  tear  from  its  secular 
moorings  a  broad  mass  of  rock  and  slide  it  a  few  feet  forward  and  up- 
ward. If  thcit  is  what  actually  occurred  the  slidden  block  was  at  least 
'^R)  feet  brofid  and  20  feet  thick,  and  its  dimensions  may  have  been  very 
much  greater. 

An  alternative  hypothesis  connects  the  dislocation  with  the  general 
fault  syj*tem  of  the  region — if  its  trivial  slips  may  be  dignified  by  that 
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title.  In  general  the  shale  shows  no  trace  of  disturbance,  its  small  south- 
ward dip  being  barely  perceptible,  but  within  20  miles  of  this  locality  I 
have  noted  10  small  faults  or  groups  of  faults.  With  a  single  exception 
they  belong  to  the  thrust  class.  The  hade  ranges  from  0  to  60  degree?, 
and  the  vertical  displacement  from  2  to  20  inches.  In  5  instances  the 
upthrust  block  moved  southward,  and  other  directions  were  southwe^^t, 
west,  and  east.  With  some  of  the  faults  are  associated  local  dips  not  ex- 
ceeding 10  degrees.  The  faults  are  believed  to  be  preglacial.  The  crucial 
evidence  on  this  point — their  relation  to  the  ice-planed  top  of  the  rock 
mass — was  not  obtained,  but  thev  have  the  smooth  walls  characteristic 
of  deep-seated  shear-planes  instead  of  the  ragged  faces  ordinarily  asso- 
ciated with  superficial  fractures. 

It  is  conceivable  that  compressive  strains  such  as  caused  these  small 
faults  accumulated  under  the  ice-sheet  and  found  relief  at  its  retreating 
margin  in  the  production  of  the  Thirtymile  Point  dislocation.  The  ice 
margin  would  be  a  critical  line  for  such  strains,  as  they  would  be  there 
reinforced  by  strains  arising  from  the  horizontal  thrust  of  the  glacier. 

The  second  hypothesis  encounters  a  quantitative  difficulty.  If  a  dis- 
location of  20  inches  is  the  greatest  associated  with  the  diastrophisra  of 
all  the  periods  from  Silurian  to  Neocene,  a  dislocation  of  6  feet  seems  an 
excessive  product  of  Pleistocene  diastroi)hism  ;  but  this  difficulty  is  miti- 
gated by  the  fact,  shown  by  shorelines  of  glacial  lakes,  that  the  region 
was  subject  during  the  ice  retreat  to  differential  uplift  involving  warping 
and  straining.    • 

The  first  hypothesis  is  of  interest  to  glacialists  because  of  its  bearing 
on  the  question  of  the  efficiency  of  the  glacier  snout  as  a  plow.  If  the 
ice  could  loosen  and  push  along  a  hill  of  firm  shale,  it  would  seem  compe- 
tent to  crowd  weak  strata  of  clay  and  marl  into  such  a  chaotic  heap  as 
is  exhibited  by  the  Marthas  Vineyard  Cretaceous. 

Should  tl;is  description  rouse  enough  interest  to  induce  others  to  ex- 
amine the  locality,  their  visits  should  not  be  long  delayed.  This  part  of 
the  coast  is  specially  exposed  to  the  attack  of  storm  waves  and  is  rapidly 
beaten  back.  The  fractured  anticline  is  a  zone  of  weakness,  and  the 
attack  is  there  peculiarly  efi'ective,  so  that  after  a  very  few  years  nothing 
will  remain  of  the  present  features  of  dislocation  except  the  subaqueous 
traces  of  the  anticline. 
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Giant  Ripples  op  the  Medina 

The  Medina  formation  consists  chiefly  of  red  shale.  In  tlie  type  dis- 
trict, about  Medina,  New  York,  tlie  thickness  is  about  800  feet,  and  there 
are  beds  of  sandstone  in  the  upper  hundred  feet.  Most  of  the  sandstones 
are  argillaceous  and  soft,  but  there  are  a  few  lenses  comparatively  free 
from  clay.  These  are  usually  white  or  gray,  and  afford  a  strong,  durable 
stone,  extensively  quarried  for  structural  purposes. 

From  some  quarries  flags  and  blocks  of  large  dimensions  can  be  ob- 
tained, but  others  yield  only  small  and  irregular  blocks,  because  the  rock 
i.-^  traversed  by  cross-bedding.  The  oblique  structure  is  of  a  peculiarly 
intricate  type,  often  exhibiting  dips  toward  all  points  of  the  compass  in 
the  same  quarry,  and  associated  with  it  are  many  unconformities.  There 
are  places  in  the  floor  of  the  Whitmore  quarry  at  Lockport  where  the 
strike  of  a  dipping  layer  can  be  traced  through  an  elliptic  arc,  like  the 
end  of  a  spoon,  for  150  degrees,  the  dip  swinging  with  the  strike.  There 
are  places  where  oblique  partings  of  opposite  dip  are  seen  in  section  to 
unite  at  the  top,  making  angular  anticlines,  and  other  places  where  they 
unite  below,  making  smoothly  curved  synclines. 

Studying  these  structures  in  the  summer  of  1808, 1  was  at  first  greatly 
puzzled,  but  at  last  became  satisfied  that  they  are  phenomena  of  sand- 
rippling,  differing  in  no  respect  except  size  from  the  familiar  rip}»le-mark 
of  the  bathing  beach  and  the  museum  slab.  The  anticlines  and  syn- 
clines are  crests  and  troughs  of  sand-ripples,  the  cross-bedding  is  a  re- 
sult of  deposition  during  the  maintenance  of  a  rippled  surface  on  the 
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FiovRE  1. — Strtion  of  Priam  of  Sawlstonr. 

TIjo  lueulity  in  i  iniU*»  east  of  Pekin.  Tlit* 
Hfind8tone  Ik  represented  iti  the  diagram  by  a 
dotted  pattern ;  the  encloaing  Hhale  by  linen. 
Broken  lino8  distinKuish  the  inferred  part  from 
the  visible  portion  of  the  section. 


ocean  bed,  and  the  unconformities  record  the  readjustment  of  the  sand- 
ripple  pattern  when  the  controlling  water  movement  assumed  a  new 
direction. 

In  width  (distance  from  crest  to  crest  or  trough  to  trough)  these  o;iant 
ripples  range  from  10  to  30  feet ;  in  height,  from  6  inches  to  3  feet.  Their 
material  is  a  sand  of  medium  grain.  Their  exposure  in  complete  fonii 
is  comparatively  rare,  but  the  cross-bedding  with  which  they  are  con- 
stantly associated  is  exhibited  in  a  majority  of  the  visible  sections  of  the 
sandstone  lenses  between  the  Niagara  river  and  Medina,  a  distance  of 
33  miles.  In  Lockport  they  are  found  in  lenses  of  three  different  hori- 
zons, and  the  opportunities  for  ex- 
amination are  excellent.  Thev  are 
also  well  exhibited  in  the  principal 
sandstone  ledge  at  I^wiston,  the 
ledge  named  by  Hall  "  the  Quartz- 
ose  Sandrock." 

Figure  1,  in  plate  13,  shows  an 
exposure  in  a  small  disused  quarry 
on  the  south  bluff  of  Eighteenmile 
creek,  in  Lockport,  near  the  Indu- 
rated Fiber  works.  It  includes  two  crests  and  an  intervening  trough. 
The  depth  of  the  trough  is  29  inches,  and  its  width  (from  crest  to  crest) 
23  feet.  Figure  2,  plate  13,  shows  a  trough  fragment  laid  bare  by  the 
side-hill  cut  of  the  New  York  Central  railroad  in  the  gorge  of  the  Niag<ira 
river.    The  portion  obser\'ed  meas-  ^^^^^  _ 

ures  15  feet  across  and  16  inches  in     I---"  ~- ^ -^ 

depth,  but  neither  of  the  limiting 

crests  remains.     A  larger  i)attern  is     ^^^^^^  ^^^^ ^l^:=_         .-rtn6 

indicated  by  a  crest  and  part  of  the 
adjacent  trough  seen  in  a  ravine 
about  2  miles  east  of  the  village  of 
Pekin  (figure  1).  A  triangular  prism 
of  sandstone  3  feet  high,  embedded 
in  shale,  has  been  partly  bared  by 
the  cutting  of  the  ravine.  Its  form 
and  relations  show  that  it  is  a  de- 
tached crest  of  the  sort  produced 

when  the  supply  of  sand  is  not  sufficient  for  the  modelling  of  the  fully 
developed  ridge.  In  auch  cases  the  sand  is  gathered  in  a  series  of  wind- 
rows corresponding  to  the  crests  of  fully  formed  ripples  (see  6,  in  figure 
2).  As  the  ordinary  ratio  of  width  to  height  in  sharp-crest«d  fossil  ripple- 
marks  is  10  to  1,  the  thickness  of  this  prism  implies  a  ripi>le  width  of  30 
feet  or  more. 


Fir.UKK  'L—Tijincfil  Piotiff*  of  Snnd-rtppU*, 

a,  the  ordiniiry  form  with  angular  cr«»>.ts,  '.. 
imp'TfiM't  development  of  form  a  when  the  sup- 
ply of  sand  is  nmaU.  r,  rounded  form  «uppo}»»"i 
to  he  derived  from  a  by  »<ubHequent  gentler  at:- 
tution  of  the  water. 
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Another  example  of  great  size  was  observed  in  the  north  part  of  the 
area  worked  over  by  the  Whitmore  quarries  at  Lockport.  A  solitary 
crest  of  the  broad,  low  type  (c,  figure  2)  exhibits  a  convex  profile  for 
about  15  feet.  In  ripples  of  this  type  the  concave  portion  of  the  profile 
is  usually  as  wide  as  the  convex,  and  we  again  have  an  estimate  of  80 
feet  as  the  approximate  maximum  width  of  the  ripples. 

Interpretation  in  Terms  of  physical  Condition 

If  fully  understood,  these  giant  ripples  should  tell  us  something  of 
the  local  physical  conditions  at  the  time  of  their  formation,  and  some 
suggestions  on  this  point  are  afforded  by  the  theory  of  sand-rippling  as 
at  present  developed.  Previous  to  1882,  ideas  as  to  the  origin  of  water- 
made  sand-ripples  were  crude  and  unsatisfactory.  In  that  year  an  im- 
t)ortant  paper  was  published  by  A.  R.  Hunt,*  and  two  years  later  the 
results  of  three  other  investigators,  C.  de  Candolle,t  F.  A.  Forel,!  and 
G.  H.  Darwin,  §  appeared.  While  these  contributions  did  not  build  up  a 
complete  theory,  they  left  the  subject  in  so  satisfactory  a  shape  that 
there  has  been  little  subsequent  discussion. 

The  following  summary  statement  outlines  the  present  condition  of 
the  theory,  without  attempting  to  distribute  to  individuals  the  credit  for 
their  several  shares. 

A  current  of  water  flowing  over  a  bed  of  sand  reacts  on  any  prom- 
inence of  the  bed.  An  eddy  or  vortex  is  created  in  the  lee  of  the  prom- 
inence, and  the  return  current  of  this  vortex  checks  traveling  jjarticles, 
causing  a  growth  of  the  prominence  on  its  downstream  side.  At  the 
same  time  the  upstream  side  is  eroded,  and  the  prominence  thus  travels  . 
downstream.  It  is  a  subaqueous  dune.  Its  upstream  slope  is  long  and 
gentle;  its  downstream  slope  is  short  and  steep.  Such  dunes  have  a 
moderate  tendency  to  develop  laterally,  and  they  interfere  with  one  an- 
other to  some  extent  if  they  approach,  but  they  do  not  develop  a  regular 
pattern  with  equal  interval.     They  are  rarely  preserved  as  fossil. 

The  ordinary  ripple- mark  of  beaches  and  rock  faces  is  produced  by 
the  to-and-fro  motion  of  the  water  occasioned  by  the  passage  of  wind 
waves.  During  the  passage  of  a  wave  each  i)article  of  water  near  the 
surface  rises,  moves  forward,  descends,  and  moves  back,  describing  an 
orbit  which  is  approximately  circular.  The  orbital  motion  is  communi- 
cated downward,  with  gradually  diminishing  amplitude.  Unless  the 
water  is  deep  the  orbits  below  the  surface  are  ellipses,  the  longer  axes 

♦  Proo.  Roy.  Hoc.  London,  vol.  34,  p.  I. 
t  Arch.  Sri.  Phys.  et  Nut.,  Gent* vw,  vol.  y,  p.  241.. 
J  Arch.  8ci.  PhvH.  et  N»t.,  (jeneva.  vol.  lo,  p.  .Vj. 
\  Proc.  Roy.  Hoc.  London,  vol.  3(»,  p.  18. 
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being  horizontsU,  and  close  to  the  bottom  the  ellipses  are  nearly  flat,  so 
that  the  water  nierel}' swings  forward  and  back.  It  is  in  this  oj^cillatiiig 
current,  periodically  reversed,  that  the  saud-ripples  are  formed.  A  prom- 
inence occasions  vortices  alternately  on  its  two  sides,  and  is  thereby 
developed  in  a  symmetric  way,  with  equal  slopes  and  a  sharp  apex- 
There  is  a  strong  tendency  to  produce  the  mole  laterally  into  a  ridge. 
the  space  between  ridges  is  definitely  limited  by  the  interference  of 
vortices,  and  in  time  there  results  a  regular  pattern  of  parallel  ridges, 
equally  spaced. 

It  has  been  found  experimentally  that  by  varj^ing  the  amplitude  of 
the  water  oscillation,  and  also  by  varying  its  frequency,  the  size  of  the 
resulting  ripj)les  can  be  controlled  ;  but  the  precise  laws  of  control  have 
not  been  demonstrated.  Evidently  the  frequency  of  the  natural  oscilla- 
tion equals  the  frequency  of  the  w^ind  waves,  and  its  amplitude  is  a  func- 
tion of  the  size  of  the  waves  and  the  depth  of  the  water ;  so  that  a  relation 
will  ultimately  be  e8taV)li8hed  between  wave-size,  wave-period,  and  water- 
depth  as  conditions  and  ripplesize  as  a  result. 

Experiment  has  also  shown  that  certain  combinations  of  amplitude 
and  frequency  of  water  oscillation  yield  currents  too  feeble  to  mold  sand 
into  ripples,  and  certain  other  combinations  yield  currents  too  violent. 
When  these  limiting  combinations  have  been  discussed  with  reference 
to  the  combinations  occurring  in  nature,  the  formula  for  ripple-size  may 
be  found  to  involve  only  two  conditions  instead  of  three. 

Until  that  general  law  has  been  worked  out  no  ver}'  satisfactory  inter- 
pretation can  be  given  to  the  giant  ripples  of  the  Medina  sandstone: 
but  as  its  fonnulation  may  be  indefinitely  delayed,  I  shall  base  a  tenta- 
tive interpretation  on  such  iragmentary  data  as  are  available.  Observa- 
tions by  Hunt  and  de  CandoUe  show  that  large  wind  waves  produce 
larger  sand-ripples  than  do  small  waves.  Some  observations  of  my  own 
on  the  bed  of  lake  Ontario  show  that  for  moderate  depths  the  size  of 
rijiples  is  not  very  sensitive  to  variation  of  water  depth.  The  investijra- 
tions  of  J.  Scott  Rufe«.sell  and  others  indicate  that  the  amplitude  of  the 
oscillation  of  the  water  near  the  bottom  is  never  greater  than  the  height 
of  the  corresponding  surface  waves.  In  certain  experiments  Darwin 
found  the  width  of  sand-ripple  about  half  as  great  as  the  amplitude  of 
the  simultaneous  water  oscillation.  If  these  facts  and  inferences  may 
j)roperly  be  put  together,  they  give  a  chain  connecting  the  height  of 
wind  waves  with  the  width  of  the  rip])le-niarks  they  may  produce,  and 
indicate  that  at  the  most  the  ripple-marks  are  only  half  as  broad  as  the 
waves  rolling  above  them  are  high. 

Should  this  tentative  law  be  substantiated  by  future  research  the  geol- 
ogist may  infer  from  the  structure  of  the  Medina  sandstones  that  the 
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Medina  ocean  was  agitated  by  storm  waves  sixty  feet  high.  As  great 
waves  require  broad  and  deep  bodies  of  water  for  their  generation,  such 
a  result  would  demonstrate  the  association  of  the  Medina  formation  with 
a  large  ocean. 

Associated  Cross-bedding 

The  relation  of  sand-ripples  to  cross-bedding  was  studied  first  in  the 
quarries  exhibiting  the  giant  ripples,  and  afterward,  to  better  advantage, 
on  the  beach  of  lake  Ontario,  where  blocks  of  sandstone,  smoothed  by 
beach-rolling,  exhibit  small  ripple-marks  and  the  associated  oblique 
structures  in  every  variety  of  combination  and  section. 

It  appears  that  sediment  may  be  added  to  a  rippled  surface  without 
any  disturbance  of  the  pattern,  but  that  there  is  usually  a  coincident, 
ji^radual  bodily  shifting  of  the  pat- 
tern in  some  direction.  In  order 
that  sediment  may  be  brought  it  is 
necessary  that  there  be  a  general  cur-  fioubk  ^.—cyons-boddimi  produced  by  slow  shift- 

rent    in    addition    to    the    oscillating  in^  of  Ripplc  Sysi^  duHng  Depo^tion. 

current  caused  by  waves,  and  it  may  be  safely  assumed  that  the  shifting 
of  the  ripple  pattern  follows  the  direction  of  this  general  current.  Just 
as  the  direction  of  the  general  current  may  make  any  angle,  or  no  angle, 
with  the  direction  of  the  oscillatory  movement,  so  the  direction  toward 
which  the  pattern  is  shifted  may  bear  any  relation  to  the  trend  of  the 

ripples.  The  shifting  of  the  ripple 
profile  during  the  accumulation  of 
sediment  makes  the  accumulation 
unequal  on  the  two  sides  of  the 
trough  (figure  3),  and  if  the  ratio  of 

KioiRE  A.-'Comptmnd  CrofUibeddiny  produced  6.1/     shifting  tO  dcpositiou  CXCCCds  a   CCr- 

Drp;MUionand  partial  Erosion  associated  uith     ^^^^  amOUUt,  there    is    depOSitioU  OU 
"hftinff  Sand-^ppUa.  '  ^ 

only  one  side  of  the  trough  and  ero- 
!<iun  on  the  other  (figure  4).  In  each  case  an  oblique  structure  or  cross- 
lamination  results,  and  in  the  second  case  the  general  structure  given  to 
the  sand  mass  includes  two  systems  of  oblique  planes.  One  system  is 
produced  by  deposition,  and  the  laminae  represent  the  successive  posi- 
tions of  the  concave  ripple  profile.  The  other  system  is  produced  by 
erosion,  and  its  planes  represent  the  progress  of  the  j)rofiles  of  the  troughs 
along  certain  tangents.  This  structure,  which  was  frequently  observed, 
may  be  called  compound  cross-bedding.  The  tangent  planes  are  some- 
times so  gently  inclined  that  they  might  easily  be  confused  with  true 
bedding.  They  are  broadly  exhibited  in  quarry  floors  at  Lewiston  and 
Lock  port. 
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On  part  of  the  floor  of  the  Wliitniore  quarry  at  Lockport  the  ripple 
pattern  seems  to  have  been  a  reticulation,  including  oval  troughs,  and 
deposition  associated  with  a  current  parallel  to  the  trough  axes  produced 
the  spoon-shaped  layers  previously  referred  to.  Such  reticulated  pat- 
terns, supposed  to  be  caused  by  two  systems  of  waves,  either  simulta- 
neous or  successive,  are  often  observed  on  a  smaller  scale. 

When  waves  from  a  new  direction  act  on  a  surface  already  rippled 
they  produce  a  new  pattern  which  at  first  combines  with  the  old  one 
but  eventually  obliterates  it.     The  troughs  of  the  new  pattern  are  formed 

in  part  by  excavation  from  ridges  of 
the  old,  and  the  lamination  associ- 
ated with  the  old  ridges  is  truncate 
so  that  the  new  lamination  is  uncon- 

FiQVHti5.— Complex  Cross-beddinq  and  Unconform'    /.  iix  /»  p\        tiT,  .1 

itie.  auoci.M  with  Ripple,.  formabls  (scc  figure  6).     W  here  the 

A  change  in  the  direction  of  the  water  wave.  r'PP'e  pattern  is  Small  Several  un- 

gitperposei  the  compound  cross-tiedding  6-6  on  COnfonuitieS  of  thJS  chraacter  tlia}' 
the  compound  cross-bedding «-<..  ^^^^.^j.    -^^    ^    y^^^^    specimen,    and 

where  they  occur  on  a  large  scale  in  the  quarries  of  the  Medina  sand- 
stone they  make  a  complexity  of  structure  greatly  impairing  the  value 
of  the  stone  for  architectural  purposes. 

It  is  proper  to  add  that  I  do  not  regard  sand-rippling  as  a  general  or 
even  frequent  cause  of  the  cross-lamination  obser\'ed  in  rocks,  except  on 
a  small  scale.  In  some  of  the  quarries  of  the  Medina  sandstones  there 
is  cross-lamination  without  any  indication  of  associated  rippling,  and  I 
am  satisfied  from  personal  observation  that  the  conspicuous  cross-lami- 
nation exhibited  in  certain  quarries  of  the  Berea  sandstone  at  Elyriaand 
Amherst,  Ohio,  as  well  as  the  superlative  cross-bedding  of  the  Juratria.s 
sandstones  of  Utah,  Arizona,  and  New  Mexico,  were  formed  in  some 
other  way. 
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Introduction 

Wiiile  studying  the  sandstone  dikes  accompanying  the  great  fault  of 
Ute  pass  in  the  summer  of  1896,  my  attention  was  naturally  attracted 
to  the  contact  between  the  granite  and  the  overlying  sedimentary  rocks, 
which,  as  every  geological  visitor  to  the  region  must  know,  is  admirably 
exposed  in  the  district  immediately  north  of  Manitou,  on  both  sides  of 
Ute  pa.^s.  I  was  deeply  impressed,  as  would  be  any  student  of  New 
England  geology,  by  the  wonderful  clearness  and  continuity  of  the  ex- 
posures, but  more  especially  by  the  almost  ab.t^olutely  plane  form  of  the 
contact  thus  disclosed,  and  having  since  enjoyed  an  opportunity  to  make 
a  more  particular  examination  of  this  contact,  I  am  more  than  ever 
convinced  that  it  represents  a  type  of  erosion  unconformity  which,  al- 
though probably  of  frequent  and  widespread  occurrence  in  nature,  is 
somewhat  unique  in  geological  literature,  or  at  least  has  not  received 
hitherto  the  attention  which  it  merits. 

The  only  particular  reference  to  the  granite-sedimentary  contact  of 
the  Manitou  district  which  1  have  noticed  is  by  Hayden.*     In  describ- 


•Ann.  Rep.  V.  S.  (J«'ol.  and  <.»eog.  Hurv.  of  the  Territories,  1873,  p.  ;yi. 
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ing  the  Williain^j  Canjoii  section,  lie  says:  "The  (ledhneiitaiy  lie<ls  till 
up  ill  u  remarkable  manner  theinet|ualitiL-8orthe  originaE  Hunitceoftb* 
metamorpliic  rockM."  I^ter*  HaytU-n  [lublii^Iied  an  illustration  of  thr 
Williams  Canyon  contact  which  is  rejn'oduceil  here  (figure  1).     Iti^r- 


tainly  telln  a  very  «!iflerent  story  ;  hut  having  read  the  statement  of  ]S78 
before  my  first  viwit  to  Manitou,  1  conclmied  that  the  illustration  hail 
been  selwtedniinply  toohon- a  clear  unconformity,  and  was  not  to  be  con- 
sidered representative  as  to  details.     I  anticipated,  therefore,  a  repetiti"" 


Ti.o  ct.i.glor<i. 


of  the  phenomena  of  the  Hoston  basin,  where  the  basal  Carboniferous 
strata  fill  marked  depressions  and  even  crevices  in  the  granite  surface 
(figure  2),  which  in  fully  comparable  in  ruggedness  with  that  which  the 
granite  presents  on  the  same  coast  today.     I  wsut  thus  wholly  unprejiareii 

•  AUB.  K..p.  V.  If.  <!,;.[.  »ii.l  litfug.  Siitv,  uf  II.O  Terrilori.'.,  IT.*,  pi.  fi,  tig.  li. 
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to  find  the  sedimentary  rocks  on  the  flanks  of  the  great  Front  or  Ram- 
part range  of  Colorado,  in  Williams  canyon  and  elsewhere,  resting  on 
a  granite  surface  almost  as  smooth  and  flat  as  a  floor  and  in  striking 
contrast  with  the  existing  granite  topography  of  that  region.  Hayden's 
illustration,  after  all,  is  representative  of  the  entire  area  and  a  far  better 
expression  of  the  essential  facts  than  his  verbal  statement.  The  actual 
facte  suggest  interesting  possibilities  in  the  way  of  erosion  and  the  de- 
velopment of  peneplain  surfaces  in  early  times,  and  suggest  also  a  brief 
comparison  with  the  facts  of  other  regions  to  determine  whether  the 
phenomena  reall}'  are  as  uni(|ue  as  they  appear  to  be  on  first  sight,  and 
an  inquiry  as  to  thecause  or  essential  conditions  of  such  extraordinarily 
plane  erosion.  Having  thus  indicated  the  scope  of  the  present  paper,  I 
turn  to  a  presentation  of  the  facts  of  the  Manitou  area. 

General  Structure  of  the  Manitou  Embayment 

The  Manitou  embayment  of  sedimentary  rocks  lying  in  the  angle  be- 
tween the  granitic  rocks  of  the  southern  end  of  the  Front  range  on  the 
north  and  the  similar  rocks  of  the  Pikes  Peak  massif  on  the  south  em- 
braces from  below  upward,  as  described  by  Hay  den,  Cross,  and  others — 

1.  A  basal  sandstone  which  is  usually  40  to  50  feet  thick,  white  or 
gray  for  the  lower  10  to  15  feet,  and  dull  red  or  brown  above,  only  rarely 
of  arkose  character,  but  frequently  more  or  less  glauconitic. 

2.  lliis  sandstone,  which  may  be  referred  provisionally  to  the  Cam- 
brian, becomes  calcareous  upward,  j)assing  into  red,  clierty  limestones, 
and  these  into  a  massive  gray  limestone  having  a  thickness  of  several 
hundred  feet.  The  limestones  are  throughout  more  or  less  magnesian 
and  contain  recognizable  traces  of  a  Lower  Silurian  (Ordovician)  fauna. 

3.  This  great  Manitou  limestone  series  is  overlain  without  apparent 
unconformity  by  the  Fountain  (Carboniferous)  beds,  1,000  to  possibly 
1,50C)  feet  in  thickness — a  remarkable  complex  of  red  and  white  arkose 
sand.stones,  grits,  and  conglomerates. 

4.  The  red  sandstone  series  (Triassic),  1,000  feet  or  more  in  thickness. 

5.  The  white,  variegated  and  gypsiferous  Jurassic  strata. 

6.  The  Cretaceous  series,  beginning  with  the  massive  and  conspicuous 
Dakota  sandstone. 

As  theaccompanj'ingmap*  (plate  14)  shows,  these  formations  are  cut 
off  on  the  southwest  by  the  Ute  fault  with  its  sandstone  dikes,  while  to 
the  northwest  the  sedimentaries  are  seen  to  lie  at  low  angles  directly 
on  the  granitic  rocks,  the  highly  irregular  erosion  outline  of  the  embay- 
ment in  this  direction,  in  striking  contrast  with  the  straight  southwest 


*A<Upte<i  from  llnydea  :  Ann.  Rep.  U.  S.  Geol.  ana  (ieog.  .Survey  of  the  Territories,  1874,  p.  4(). 


144      W.  O.  CROSBY — ARCHEAN-CAMBRIAN   CONTACT   IN   COLORADO 

margin,  owing  its  lobate  character  wholly  to  the  topographic  relations, 
since  the  strata  naturally  extend  farther  up  the  slope  of  the  mountains 
on  the  ridges  than  in  the  valleys.  The  third  or  eastern  boundary  of  the 
embay ment,  which  may  be  regarded  as  a  triangle  extending  from  Camp 
creek  on  the  north  to  Bear  creek  on  the  south,  with  its  apex  in  Ute  pass, 
is  well  marked  by  the  outcrop  or  hogback  of  the  vertical  Dakota  sand- 
stone. The  three  sides  of  the  embayment  are  thus  (southwest)  a  pro- 
found obliquely  transverse  fault,(east)  a  precipitous  monocline  or  possible 
longitudinal  fault,  and  (northwest)  the  intersection  of  the  basal  beds  or 
Cambrian  sandstone  by  a  highly  irregular  erosion  surface,  and  it  is  with 
this  lobate  northwest  margin  that  we  are  now  specially  concerned. 

North  of  the  embayment,  along  the  base  of  the  Front  range,  the  pre- 
vailing strike  is  north-south  and  the  dip  easterly,  the  lower  terranes 
usually  sloping  gently  away  from  the  granite,  while  the  Red  bedn  (Tri- 
assic)  and  higher  formations  plunge  steeply  down  beneath  the  plain?. 
Tlie  embayment  has  its  origin  in  the  Ute  fault,  a  drop  along  an  oblique 
fracture  equal  at  least  to  the  combined  thickness  of  the  entire  Paleozoic 
and  Mesozoic  terranes.  This  has  bent  the  beds  around  to  a  northeast- 
southwest  strike  and  southeast  dip,  and,  as  before,  the  dip  is  moderate 
(10  to  30  degrees)  below  the  base  of  the  Red  beds  and  steep  above.  Along 
the  southwest  margin,  however,  each  formation  is  in  turn  abruptly  up- 
turned to  a  steep  northeast  dip  by  the  drag  of  the  Ute  fault.  In  fact,  at 
some  points  along  this  line  the  beds  are  overturned  to  a  high  southwest 
dip,  as  we  should  naturally  expect,  since  the  great  fault  belongs  in  gen- 
eral to  the  reversed  or  overthrust  type,  with  a  hade  to  the  upthrow  side 
(southwest)  of  5  to  45  degrees. 

Archean-Cambrian  Contact 

Of  the  two  granite  or  Archean  borders  of  the  embayment,  one  (south- 
west) is  secondary  and  abrupt,  marking  a  profound  displacement,  while 
the  other  (northwest)  is  original — the  gently  sloping  floor  on  which  the 
sediments  were  deposited.  The  granite  is  the  coarse  and  (superficially) 
red  biotite  granite  so  characteristic  of  the  region  and  remarkable  for  its 
extensive  surface  disintegration.  It  is  cut  occasionally  by  dikes  or  irreg- 
ular masses  of  a  finer  granite,  in  which  the  biotite  is  less  prominent,  and 
it  exhibits  at  some  points,  as  in  Williams  canyon,  a  marked  gneissoid 
structure,  with  a  relatively  basic  or  even  dioritic  facies. 

The  general  character  of  the  Cambrian  sandstone,  the  basal  member 
of  the  sedimentary  series,  has  been  indicated.  According  to  Peale,*  it 
embraces  in  Glen  Eyrie,  from  below  upward,  coarse  grayish  white  sand- 

♦  Ann.  Rfp.  U.  8.  (^ool.  and  (leog.  Surv.  of  the  Territories,  1873,  p.  au. 
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stone,  20  feet;  coarse  dark  green  Cglauconitic)  sandstone,  4  feet;  coarse 
gray  sandstone,  6  feet;  brick-red  sandstone,  with  green  (glauconitic) 
layers,  20  feet ;  total,  50  feet.  The  arkose  character  so  noticeable  in  some 
of  the  sandstones  higher  up  in  the  sedimentary  series  of  the  Manitou 
embayment,  and  especially  in  the  Fountain  (Carboniferous)  beds,  is 
almost  entirely  wanting  in  the  Cambrian,  even  where  it  rests  directly  on 
the  granite.  Although  the  sandstone  is,  in  the  main,  rather  coarse,  it  is 
rarely  conglomeratic.  On  or  near  the  granite  it  sometimes  encloses  a  few 
small  pebbles,  but  these  are  almost  invariably  vein  quartz  and  well 
rounded  or  water-worn. 

The  best  general  views  of  the  contact  are  obtained  by  the  traveler 
through  Ute  pass,  between  one  and  three  miles  above  Manitou,  on  both 
sides  of  Fountain  creek,  as  shown  rather  unsatisfactorily  in  the  two 
accompanying  illustrations  (plates  15  and  16).  The  best  view  of  all  is 
one  looking  eastward  from  the  Colorado  Midland  railroad,  but  not  repre- 
sented by  the  photographs.  It  is  also  well  exposed  for  observation  in 
Williams  canyon,  as  already  noted,  and  in  Queens  canyon,  above  Glen 
Eyrie.  In  all  of  these  general  views  the  actual  exposures  of  the  contact 
have  a  good  degree  of  continuity,  and  the  successive  exposures  are  seen 
to  lie  almost  absolutely  in  one  plane. 

Structural  Details  op  the  Contact 

In  going  up  Ute  pass  by  the  wagon  road  we  come,  in  less  than  a  mile 
from  the  junction  of  Ruxton  and  Fountain  creeks,  to  the  point  where  the 
contact  crosses  Fountain  creek.  On  the  right  is  a  quarry  in  the  glau- 
conitic (red  and  green)  upper  part  of  the  Cambrian ;  and  on  the  left  the 
contact  is  well  exposed  in  a  lateral  gulch,  shown  in  plate  15,  on  the  right, 
opposite  the  bend  in  the  road,  the  quarry  being  on  the  left  just  around 
the  bend.  Farther  up  the  gulch,  near  the  railroad,  which  is  not  shown 
in  the  picture,  the  exposures  of  the  contact  are  very  clear  and  continuous, 
the  white  basal  member  of  the  Potsdam  resting  on  a  plane  smooth  sur- 
face of  the  granite.  A  few  small  and  well  rounded  quartz  pebbles  are 
seen  in  the  sandstone  along  the  contact,  but  no  granite  pebbles,  although 
5  feet  above  the  contact  the  sandstone  shows  an  occasional  line  or  trace 
of  granite  debris — grains  of  quartz  and  red  feldspar.  North  of  this  gulch 
and  immediately  above  Fountain  creek,  as  seen  in  the  upper  right- 
hand  side  of  plate  15,  the  almost  plane  contact  is  admirably  exposed, 
and  the  exposure  continues  around  the  end  of  the  hill  northward  to  the 
south  side  of  the  next  gulch,  where  the  granite  has  been  worn  out  along 
the  contact,  leaving  the  gray  sandstone  projecting,  unsupported,  10  to  20 
feet  as  a  smooth,  flat  ceiling  dipping  south  15  to  20  degrees.     From  this 
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gulch  the  line  of  contact,  exposed  only  at  intervals  and  dipping  10  de- 
grees to  the  east  and  southeast,  curves  to  the  north  and  west  around  a 
high  hill  to  the  point  where  it  is  cut  off  by  the  Ute  fault.     At  two  points? 
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on  the  west  side  of  the  hill  the  contact  is  seen  to  be  broken  by  minor  but 
very  clear  faults  (figures  3  and  4). 

Returning  to  the  east  side  of  Fountain  creek,  the  contact  is  found  to  be 
well  exposed  on  the  south  side  of  the  small  gulch  between  the  quarry  and 
Rainbow  fall,  where  it  is  involved  in  a  sharp  inverted  flexure  (figure  5) 


^^■Ifi  —  —  —  —  —  —  —  —  —      "*  ••"^■*       ■v'^ 
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FmvBK  r).—  Overthrust  FUxure.  of  hasal  Cambrian  Beds  on  East  Side  of  Utf  Pa*s. 

accompanied  by  obliteration  of  the  bedding  of  the  sandstone.  Toward 
the  left  (east)  end  of  the  upper  limb  of  the  fold  the  contact  is  broken  in 
a  way  (figure  6)  to  suggest  both  faulting  and  shearing,  with  injection  ol 
the  gray  sandstone  into  the  broken  granite,  and  thus  throwing  light  on 
the  formation  of  the  sandstone  dikes.     The  exposure  here  trends  east- 
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west ;  but  higher  up  it  turns  to  a  general  north-south  direction  and  follows 
the  western  slope  oi*  the  high,  sharp  ridge  (plate  16)  separating  Fountain 
creek  and  Williams  canyon.  ^ 
The  upper  part  of  this  ridge  is 
com  posed,  of  the  Manitou  (Sil- 
urian) limestone,  in  which  the 
subterranean  drainage  of  past 
ages  has  excavated  the  Grand 
cavern  and  cave  of  the  Winds. 
For  the  first  quarter  of  a  mile 
along  this  slope  the  contact, 
with  the  normal  southeast  dip 
of  10  degrees,  is  exposed  almost 
continuously,  and  is  almost  absolutely  plane,  showing  no  appreciable 
sags,  faults,  or  breaks  of  any  kind,  and  crossing  great  dikes  of  fine  gran- 
ite in  the  normal  coarse  granite  without  deviation,  the  granite,  regard- 
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FiuURK  «. — Faulting  and  Shearing  of  the  Contact 
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FiGiie  7. — Erosion  Irregularittf  of  the  Contact.    Figure  8.— Residuary  Hummock  fff  the  Qranite  Surfact. 
huk  to  spheroidal  form  in  the  granite. 

less  of  its  structure,  having  been  worn  down  to  a  plane  surface.     Farther 
north  along  this  ridge  the  contact  is  mostly  concealed  by  slide  and  talus 


+  +  +  +  +.  "*■ 


^-t-  -»-  +  +  ^ 


I   inch  «  5'jcet. 


Figure  ^.—Irregular  Contact  hrokrn  by  a  Fault. 


(plate  16),  but  in  the  vicinity  of  the  Grand  cavern  several  original  ero- 
sion irregularities  of  the  contact  were  observed  (figures  7,  8,  and  9). 
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Between  the  limestone  ridge  and  Fountain  creek  are  four  outlier^*  of 
the  Cambrian  sandstone  capping  hills  of  granite — two  north  and  two 

south  of  the  carriage  road  Ut 
the  Grand  cavern — affording 
admirable  exposures  of  the 
contact.  The  two  southern 
and  smaller  outliers  are 
clearly  on  the  north-south 
axis  of  the  overthrust  fold 
described  above  (figure  5), 
and  in  the  second  one,  from 
the  south  especially,  tlie 
Cambrian     beds    are    verv 

• 

sharply  flexed  upward  on  the  east  side.     It  \h  obvious  that  the  east  side 
of  Ute  pass  is  here  marked  by  a  sharp  monocline  dipping  west,  pitching 
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W. 


E. 


N.W. 


S.E. 


•••••••.••.»..•,,• 

lineh'A^eet.               + 

Figure  11. — Angular  Erosion  Itregularit  in  of  the  Contact. 


KinvBK  12. — Slight  Erosion  Irrf*jufnritri  oi 
the  Contact. 
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south,  and  dying  out  northward,  and  probably  developed  as  a  series  of 

faults  in  the  granite.     On  the  south  side  of  the  secjond  outlier  is  a  clear 

oblique  and  reversed  fault  of 

the  contact  (figure  10),  which    ^ 

is  evidently  connected  with 

the  sharp  upward  flexure  of 

the  beds. 

North  of  the  road  to  the  :; 
Grand  cavern,  at  the  extreme 
southern  end  of  the  third  out- 
lier, which  has  the  normal 
southeast  dip  of  5  to  10  de- 
grees, is  a  very  marked  irreg- 
ularity of  the  contact  (figure 
11),  which  is  evidently  orig- 
inal, as  shown  by  the  welding 
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?'i«,vnK  i:\.— Contact  broken  Ity  a  Gravity  Fault. 
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of  the  sandstone  and  granite  and  the  adaptation  of  the  lines  of  deposit 
in  the  sandstone  to  the  outline  of  the  granite.  Near  the  middle  of  the 
west  side  of  this  outlier  is  a  little  fault  (figure  13),  and  near  the  north  end 
another  original  irregularity  (figure  12).  With  these  exceptions  the  con- 
tact, which  is  not  exposed  on  the  east  side  of  this  outlier,  is  a  nearly 
perfect  plane  along  the  entire  west  side,  several  hundred  feet  in  length. 
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FiocKB  \A.~Cont4ict  broken  by  a  Fault  teith  re- 
verged  Flexure, 


i  Inch  «  Af «ei. 
FiouRB  15. — Contact  broken  by  a  Gravity  Fault. 


The  fourth  and  largest  outlier,  immediately  behind  the  camera  in 
plate  16,  shows  on  the  south  side,  from  east  to  west,  first  a  reversed  fault, 
with  a  flexing  of  the  sandstone  and  contact  contrary  to  the  apparent 
movement  (figure  14).  The  sandstone  is  slickensided  along  the  fault. 
Fifty  feet  west  of  this  are  two  compensating  slickensided  faults  of  the 


same  general  type  (figure  16),  and  only  requiring  greater  throw  to  make 
of  the  included  sandstone  a  good  sandstone  dike.  The  original  irreg- 
ularity of  the  contact  between  these  oblique  slips  is  clearly  due,  as  in 
many  other  cases,  to  an  apparent  concretionary  structure  in  the  granite, 

XXIII— Bull.  Okol.  Soc.  Am.,  Vol.  10,  1898 
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developed  in  some  cases  as  a  tendency  to  concentric  exfoliation,  showing 
that  in  Cambrian  time  this  structure  existed,  as  now,  and  influenced  the 
erosion  of  the  granite.  These  rounded  and  in  general  more  resistant 
masses,  as  now  exposed  in  the  granite,  vary  from  1  to  6  feet  in  diameter. 
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FiGURK  17. — Rfiiiduarff  ffummock  of  the  Oranite  Surface, 
Due  to  Mpheroidnl  structure. 


W. 


I  inch  «  dfeet. 

FiouRE  \%.— Residuary  Huminockg  of  the  Granite  Surface. 
Due  to  tipheroidiil  structure. 


They  were  usually  left  in  relief  on  the  eroded  surface,  but  were  some- 
times worn  out  to  form  hollows.  Forty  feet  farther  west  is  a  small 
normal  fault  (figure  15),  and  40  feet  farther  still  an  original  irregularity 
(figure  17).     Then  after  20  feet  the  contact  is  broken  by  a  small  vertical 
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fault,  with  segregation  of  quartz  along  the  fault  in  the  sandstone.  Forty 
feet  beyond  this  is  an  original  irregularity  due  to  two  large  concretion- 
ary masses  in  the  granite  (figure  18),  which  is  repeated  on  a  smaller 
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FiouBB  20.— EroBion  Irregularity  of  the  Cont<ict. 
Due  to  superposed  Rpheroidal  forms  in  the  granite. 

scale  50  feet  farther  west  (figure  19),  and  15  feet  from  the  west  end  of 
this  cliff  one  concretionary  mass  is  clearly  seen  resting  on  another 
(figure  20). 
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I  inch  -4Jeel. 
Fi«rBB  U.— Contact  broken  by  a  Oravity  Fault. 


I  inch  »  3ieei. 
FiGUBK  22.—Contaet  broken  by  a  Thrust  Fault. 


Going  north  along  the  west  side  of  the  outlier  we  observe  first  three 
sraall  faults  (figures  21,  22,  and  23),  the  last  one  occupied  by  a  veinlet 
of  quartz.  Immediately  beyond  this,  in  the  middle  of  the  west  side,  the 
contact  is  complicated  by  two  large,  flat  lenses  of  granite  (figure  24),  one 


152      W.  O.  CROSBY — ARCHEAN-CAMBRIAN   CONTACT   IN   COLORADO 


entirely  and  the  other  nearly  enclosed  by  the  sandstone,  and  probably 
indicating  complex  oblique  faulting  before  the  consolidation  of  the  sand- 
stone, the  enclosed  sand  form- 
ing now,  virtually,  a  sandstone 
dike.  Farther  on  the  contact 
drops  irregularly  about  4  feet 
(figure  25).  This  is  probably 
not  a  fault,  but  one  of  the  most 
marked  of  the  original  irr^u- 
larities  of  the  granite  surface. 
The  spheroidal  structure  is  ad- 
mirably developed  in  this  part 
of  the  granite.  Continuing  to- 
ward the  north  end  of  the  out- 
lier, we  have  first  two  faults  (figures  27  and  28),  and  near  the  reversed 
fault  the  sandstone  is  well  slickensided.  Then  comes  an  original  in- 
N.  S. 


I  inch«  4f«ct. 
FiQUBK  2^.— Contact  hrokai  by  a  Oravity  Fault. 


1  inch  •  lOf c€t. 
FiovRK  2A.— Probable  oblique  Faulting  and  Shearing  of  the  Contact, 

equality  due,  apparently,  to  the  wearing  or  weathering  out  of  one  of  the 
spheroidal  masses  of  granite  (figure  26).     A  general  view  of  this  west 
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FiouRR  2iK— Small  Erosion  Srarp  of  the  Fiovrk  26. — Original  Depression  of  the  Oranite  Surfaec 

Granite  Surface.  I>ue  to  orortion  of  a  npheroidal  mass. 

cliff  shows  toward  the  north  end  a  sharp  upward  flexure  of  the  contact 
(figure  29).     This  is  a  less  extreme  example  of  the  same  type  as  the 
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flexure  in  the  cliflf  south  of  the  outliers  (figure  5,  page  146).  The  contact 
is  not  clearly  exposed  on  the  north  and  east  sides  of  this  hill,  nor  around 
the  north  end  of  the  ridge  between  Ute  pass  and  Williams  canyon. 


f  •  t  •  « 
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linch«4f*et.  lineh>Sf*(t. 

Fk.i'ii  iS.—CMitaft  broken  by  a  Thnut  Fault.  Fiocbi  'a.—Contaet  broken  6y  a  Qravily  Fault. 

Entering  Williams  canyon  at  the  lower  (southern)  end,  we  pass  between 
walls  of  the  Manitou  limestone;  the  glauconitic  red  sandstone  (Cambrian) 
first  appears  at  the  Narrows,  about  half  a  mile  from  the  mouth  of  the 
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SW. 


Fiiu'EK  ^\.—Orcrthru%t  Flesurr  of  the  haml  Cambrian  Betls  in  Foui'th  Outfier. 

canyon ;  between  two  and  three  hundred  feet  beyond  this  we  strike  the 
top  of  the  basal  gray  sandstone,  and  about  the  same  distance  farther  brings 
iw  to  the  granite.     The  general  or  normal  dip  of  the  strata  is  about  south- 
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east  15  degrees.  Thegranite  that  first  appears  in  the  bottom  of  the  canyon 
evidently  forms  a  broadly  rounded  erosion  boss  nearly  100  feet  in  its  north- 
south  diameter,  with  the  strata  curving  smoothly  over  it.  A  similar  but 
somewhat  smaller  swell  of  the  strata  immediately  south  of  this  undoubt- 
edly indicates  another  boss  not  quite  uncovered.  The  granite  shows  here 
^  only  on  the  west  side  of  the 

E.  road,  so  that  the  east-west  pro- 
file of  the  boss  must  be  rather 
abrupt  (figure  30).  The  granite 
is  bright  red,  of  fine  to  medium 
texture,  and,  what  is  of  special 
interest,  the  outcrop  or  l)Oss 
shows  more  or  less  across  its 
entire  breadth,  but  particularly 
at  the  southern  edge,  a  distinct 
conglomerate  of  granite  frag- 
ments and  pebbles  (mostly  well 
rounded)  between  the  solid  granite  and  the  white  sandstone.  The  sand- 
stone forms  the  matrix  or  paste  of  the  conglomerate,  and  the  fragments 
of  granite  extend  upward  several  inches  in  the  sandstone.  In  fact,  where 
most  distinctly  shown,  the  conglomerate  appears  to  be  about  2  feet  thick, 
and  the  largest  granite  pebbles  are  perhaps  6  inches  in  diameter.  They 
are  very  closely  packed,  and  the  conglomerate  grades  downward  into 
the  weathered  joint  structure  of  the  granite,  so  that  there  is  probably  not 
more  than  1  foot  of  true  conglomerate. 

North  of  this  swell  of  granite  the  contact  is  exposed  continuously  for 
over  200  feet.     It  is  broadly  undulating,  with  often  a  trace  and  at  one 

N. 


FiocRB  .3C). — Efi«t-vcfit  Section  of  the.  Contact  in  WilliatM 

Canyon. 


I  inch  -    lOfeet. 
Figure  2\.— Irregular  Erosion  Contact  of  the  Sandstone  and  gncissoid  Chranite  in  WUUamt  Canyon. 

point  fully  a  foot  of  granite  conglomerate  separating  the  granite  and 
sandstone.  The  surface  of  the  granite  now  descends  below  the  level  of  the 
road  for  about  one  hundred  feet,  and  then  with  broad  undulations  the 


J 


STRUCTURAL   DETAILS   OF   THE   CONTACT  155 

contact  18  exposed  continuously  for  at  least  500  feet  to  and  beyond 
the  point  where  the  carriage  road  to  the  cave  of  the  Winds  turns  to  ascend 
the  mountain.  For  the  first  300  feet  or  so  the  granite  is  highly  laminated 
or  gneissoid,  as  shown  in  Hayden's  figure  (1,  on  page  142),  the  structure 
planes  dipping  north  and  northwest  30  to  60  degrees.  There  are  only 
slight  indications  of  conglomerate  along  this  part  of  the  contact,  except 
the  scattering  small  rounded  quartz  pebbles.  The  contact  is  not  broken 
by  any  clear  faults  in  the  Williams  Canyon  section,  the  influence  of  the 
Ute  fault  apparently  not  extending  so  far  to  the  eastward,  and  aside  from 
the  boss  and  the  broad  undulations  of  the  granite  surface,  the  original  ero- 

■  

sion  irr^ularities  are  all  on  a  minor  scale.  Figure  31  shows  the  contact 
on  the  west  side  of  the  road,  on  the  southern  slope  of  the  boss.  It  is 
very  clear  that  the  stratification  of  the  sandstone  adapts  itself  to  all  these 
minor  inequalities,  filling  hollows  before  it  covers  elevations,  but  it  seems 
to  curve  regularly  and  evenly    ^ 

over  the  main  swells  of  granite,  ^* 

although  these,  too,  are  prob- 
ably  original  erosion  forms. 
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Figure  32. — Original  Erosion  HoUow  in  the  Contact  Surface. 


granite,  of  varying  characters,  i  ;  nch  «  4  f 

is  exposed  almost  contin- 
uously, but  the  contact  only 
rarely.  On  the  east  side,  about  a  mile  north  of  the  carriage  road,  I  noted 
the  original  irregularity  shown  in  figure  32.  The  contact  rises  more  rap- 
idly than  the  bottom  of  the  canyon,  and  crosses  without  satisfactory 
exposures  the  broad  ridge  or  spur  of  the  mountains  between  Williams 
canyon  and  Queens  canyon,  on  Carap  creek. 

Going  up  Camp  creek,  the  narrow  passage  through  the  Dakota  hog- 
back forms  a  gateway  to  the  beautiful  expansion  of  the  valley  in  the 
vertical  red  beds  known  as  Glen  Eyrie,  and  the  canyon  proper  begins 
with  the  Manitou  limestone,  dipping  east  or  east  by  south  10  to  15  degrees. 
Conformably  below  the  limestone  we  have  the  Cambrian  sandstone,  as 
described  by  Peale,  resting  on  the  granite,  which  is  largely. gneissoid. 
The  contact  is  exposed  almost  continuously  on  the  precipitous  walls  of 
the  canyon  for  half  a  mile  to  a  mile  above  Glen  Eyrie,  and  as  usual,  it 
is  almost  devoid  of  relief  features,  one  or  two  slight  faults  and  several 
small  hummocks  due  to  concretionary  forms  in  the  granite  being  all  that 
I  could  make  out. 

Summary  of  thk  structural  Fkatures  of  the  Contact 

The  general  views  of  the  contact  afibrded  by  the  canyons  and  the 
intervening  ridges  show  conclusively  that  it  is  practically  a  plane  for  the 
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entire  Manitou  area.  The  actual  exposures,  revealing  every  minute-Jt 
detail,  are  absolutely  continuous  in  some  cases  for  hundreds  and  even 
thousands  of  feet  and  aggregate  several  miles  in  length,  and  the  preceti- 
ing  notes  faithfully  describe  all  the  irregularities  of  the  contact  I  wa.-^ 
able  to  make  out  in  traversing  these  miles  of  exposures.  The  secondary 
irregularities,  due  to  faulting  and  folding,  are  seen  to  be  readily  distin- 
guished from  the  true  original  erosion  hummocks  and  hollows,  and 
eliminating  the  former,  in  imagination,  we  find  the  granitic  and  gneissic 
floor  of  the  Cambrian  sea  to  have  been  almost  as  featureless  as  a  bedding 
plane  of  the  sandstone  deposited  upon  it.  The  specially  startling  fact 
is,  of  course,  not  the  infreqliency,  but  rather  the  small  scale  of  the  ero- 
sion inequalities.  With  the  exception  of  the  gentle  undulations  of  the 
contact  noted  in  Williams  canyon,  I  have  discovered  no  elevations  or 
depressions  departing  mor6  than  4  feet,  and  in  only  one  instance  (figure 
25,  page  152)  more  than  2  feet,  from  the  general  surface.  Again,  the 
inequalities,  with  unimportant  exceptions,  are  hummocks  and  not  hol- 
lows— erosion  remnants  and  not  channels,  clearly  marking  tiie  end  and 
not  the  beginning  of  the  process  of  baseleveling ;  and  finally,  such  slight 
inequalities  as  survived  the  wearing  down  of  the  granite  may  in  general 
be  correlated  with  its  coarsely  concentric  or  spheroidal  structure,  show- 
ing that  at  the  last  the  erosive  action  was  highly  discriminating,  the 
spheroidal  masses,  like  knots  in  a  board,  offering  the  greatest  resistance 
to  the  planing  process. 

Comparison  with  other  Regions 

It  has  not  been  the  writer's  privilege  to  make  a  detailed  study  of  the 
Archean-Cambrian  contact  elsewhere  in  the  Rocky  mountains,  but  gen- 
eral observations  in  other  parts  of  this  great  region  over  which  the  Pale- 
ozoic strata  present  a  surprisingly  uniform  section  have  convinced  nie 
that  the  contact  phenomena  of  the  Manitou  district  are  certainly  not 
unique,  but  probably  widespread  and  characteristic.  In  the  valley  of 
Eagle  river  (plate  17)  and  in  the  canyon  of  Grand  river,  above  Glenwood. 
Colorado,  the  contact  between  the  granite  and  the  white  or  gray  sand- 
stone at  the  base  of  the  Cambrian  is  readily  traceable  for  miles  along  the 
mountain  side  as  a  strongly  marked  straight  and  often  horizontal  line, 
with  every  indication  that  a  detailed  examination  would  reveal  the  same 
])aucity  of  inequalities  as  in  the  Manitou  embayment.  My  recollections 
of  structural  details  in  the  Black  hills  of  South  Dakota  are  somewhat 
dimmed  by  the  lapse  of  eleven  years ;  but  I  recall  that  the  contact  of  the 
Cambrian  sandstone  and  the  highly  inclined  Archean  (or  Algonkian  ?) 
schists  is  often  approximately  plane,  and  among  my  photographs  I  find 
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a  vien  of  the  contact  taken  on  Box  Elder  creek,  on  the  ecist  side  of  the 
Hills  (plate  18).  This  suffices  at  least  to  show  that  irr^ularitiee,  if  noi 
entirely  wanting  here,  occur  only  on  a  very  minor  scale. 

I  have  searched  the  literature  of  Kocky 

Jloiintain  geology  in  vain  for  any  detailed  = 

description   of    this    important    contact,  | 

which  may  without  exaggeration  be  de-  g 
scribed  as  at  once  the  most  widespread, 

strongly  accentuated,  and  deeply  aignifi-  * 

cant  structure  plane  of  all  the  trans-Min-  ^  = 

aissippian  r^ion.     It  has  been  frequently  |.  c 

referred  to  in  general  terms  and  figured  b  g 

diagrammatical  ly,  the  figures  being  gen-  7  ^ 

erally,  like  Hayden's,  consistent  with  a  »■  ^ 

highly  plane  or  featureless  Archean  floor  f  " 

of  the  Cambrian  sea.     Several  of  the  folios  o  |   -? 

of  the  Unite<l  States  Geological  Survey  for  S  g    > 

Colorado,  Montana,   etcetera,  show   this  bB  ^ 

contact  in  both  maps  and  sections,  but  '^"^  => 

the  texts  and  illustrations  alike  are  want-  b;  a    | 

ing  in  details.  "Zq   9 

We  are  indebted  to  Walcott*  for  the  |'3   % 

best  general  summary  of  our  knowledge  iZ    ^ 

of  the  Archean-Cambrian  (not  necessarily  -7  j-    ? 

Potsdam)  contact  in  North  America.     In  c  "   5 

the  section  on   the  surface  of  the  pre-  3  ^   ^ 

Cambrian  land  the  original  and  quoted  e  g   ^                                 "^' 

ilescriptions,  wherever  topographically  ex-  —  ~ 

plieit,  indicate  in  general  that  erosion  in  «  ^ 

each  r^on  had  nearly  or  quite  completed  j  3 

its  task  of  reducing  the  land  to  a  perfect  5  g- 

haselevel  before  the  deposition  of  the  Cam-  g  " 

brian  sediments  began.  ?  =■ 

In  describing  the  Grand  Canyon  section  | 

of  northern  Arizona  (figure  33),  Walcott  ^ 

says:  | 

"A  bttselevel  of  erosion  appeara  to  have  been  3 
reached  before  the  Cambrian  rocks  (Tonto  ([roup]  -o 
eipoeed  on  the  line  of  the  canyon  section  were 

deposited.  Both  the  A'rchean  and  Alfconkian  rocks  were  eroded  nearly  to  a  hori- 
tonlal  plane  prior  to  the  deposition  of  the  Upper  Cambrian  sandstone.     Here  and 

•Th.  Snrlh  AmericBn  CoDtinenl  during  Cambrian  limi-,  Vith  Add.  Rep.  U.  it.  lieol.  Survey,  pp. 
s-0-5««. 

XXIV— Bdli.  Qul.  S«.  Ah.,  Vol  10,  18M 
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there  a  liarder  layer  of  lavn  or  qunrtKite  forma  a  low  riilfie,  t)Ut  as  a  whole  the  bKnl 
layen  of  the  Caiuhrian  were  dejwBiteil  tipon  a  nearly  level  surface." 

The  accompanying  figure,  the  more  essential  part  of  which  is  repro- 
duced here,  is  in  perfect  agreement  with  the  text,  and  shows  a  like  un- 
conformity between  the  Grand  Canyon  group  (Unkar  and  Chuar)  and 


the  Vishnu  group  of  the  Algonkian.     Both  of  tliese  unconfonnities  wert 
also  noted  by  Gilbert*  (figure  34). 

According  to  Walcott.f  Packaaddle  mountain,  in  Texas,  exhibita  s 
similar  relation  of  the  Algonkian  and  Cambrian  strata  (figure  35). 


Irvingl  describes  the  pre-Potsdam  (p re-Cambrian)  land  surface  of 
Wisconsin  as  exhibiting,  in  the  main,  but  gentle  undulations, 
"  Looked  at  in  greater  detail,  however,  it  ie  seen  to  have  n 
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oftfn  somewhat  abrapt  irregularities.  The  more 
kbrapi  of  these  have  An  evident  genetic  relatioi) 
to  the  durability  and  (general  reeiating  power  of 

tlie  rocka  whicli  (impose  them."  ^ 

He  further  states  tliat  these  prominences,  W 

ill  exceptional  cases,  rise  from  beneath  the  *  a 

Potsdam  (Cambrian)  sandstone  to  heights  1  * 

of  from  100  to  600  and  even,  in  the  Bara-  ^  f 

boo  ranges,  of  1,200  feet.     Irving's  more  j  fe    I 

general  sections  are  reproduced  in  fisurea  |  8     = 

'Mi  and  37.     Explicit  descriptions  are,  of  ^  tt,    I 

course,  far    more    satisfactory   than   the  3  5L    ^ 

highly  generalized  figures  usually  accom-  t  h     i.  ^ 

jianying  them,  and  the  latter  must  be  ~  ^                      ?  5 

<|Uoted  and  used  cautiously.  I.  g                       j   g 

Dr  A.  C.  T>awson,  on  the  other  hand,  |  5                       |    J 

concludes  that  the  early  Paleozoic  rocks  '  *|                       J   a 

were  laid  down  on  a  surface  which  did  nut  ^.  ^                      |   o 

differ  essentially  from  that  presented  by  "  »                      _  J 

theexpoaed  Archeanaurfaceof thepresent  '  ^                      P  * 

(lay;  but,  notwithstanding  this  and  sim-  ?  ?                      ?   § 

ilar  statements  from  other  good  observers  ■<  *                      £1 

concerning  the  conditions  in  Canada,  the  s_  }                       B   ■^ 

Adirondacka,  and  other  regions,  the  fact  %  S                      |   5 

remains   that    the   general  consensus  of  >.  |                       g    |" 

npinion  is  emphatically  in  favor  of  the  %■  ^                      5    9 

view  that  the  Cambrian,  and   especially  s  ;                         i  .-' 

the  Potsdam  sediments  of  North  America,  %  v                      3    f 

were  in  general  deposited  upon  a  surface  -•  s    I 

of  pre-Cambrian  rocks  far  more  perfectly  ?  ■«    " 

baseleveled  than  that  presented  by  these  J  ^ 

aider  formations  in  any  part  of  the  conti-  ^  s 

'lent  today.     All  that  can  be  claimed  for  ?  K,    ? 

the  Manitou  area,  therefore,  is  that  this  i  SS    1^ 

almost  universally  flat  contact  has  here  |  5     ^ 

one  of  its  most  perfect  developments.  5  (^ 

Sl'BAKRIAI.  VERSOfl   MaBINK    ER0SI0^ 

Although  the  competency  of  aubaerial 
erosion  to  develop  a  typical  peneplain,  aa 
defined  by  Davis,  is  still  questioned  by 
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some,  we  may  at  least  insist  that  a  merely  approximate  plane  is  its  ut- 
most limit — a  limit  toward  which  it  ever  tends  but  which  it  can  never 
pass ;  for  the  action  of  surface  agencies,  and  especially  of  running  water, 
must  ever  be  differential,  more  concentrated  and  energetic  on  some 
areas  than  on  others,  and  even  the  peneplain  demands  a  degree  of  sta- 
bility in  the  earth's  crust  which  many  are  reluctant  to  concede. 

On  the  other  hand,  marine  erosion  or  the  wearing  away  of  the  edge  of 
the  land  by  the  waves  and  currents  of  the  sea  is,  in  the  long  run,  differ- 
ential only  in  regard  to  the  varying  character  of  the  rocks — a  limitation 
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FiQURK  38.—rHagra7nmatic  SeetioM  (Walcott). 

Illugtratiug  deposition  of  sediments  on  a  seashore  which  is  lieing  gradually  depressed  in  relation  to 

sealevel. 


which,  given  time  enough,  may  be  completely  overcome;  and  absolute 
stability  of  the  crust  is  so  far  from  being  essential  to  the  development  of 
a  plane  surface  that  we  may  say  that  a  slow  movement  of  subsidence 
presents  on  the  whole  the  most  favorable  condition.  It  is  not  then  so 
much  a  baseleveling  as  a  planing  process.  The  subsidence  constantly 
minimizes  the  task  and  permits  the  agent  (the  gnawing  edge  of  the  sea) 
to  clear  itself  of  the  debris  due  to  its  own  operation.  Walcott's  diagrams, 
reproduced  in  figure  38,  convey  the  idea  very  clearly,  and  it  is  evident 
that  given  a  rate  of  subsidence  proportional  to  the  hardness  of  the  rocks 
the  result  may  pass  beyond  the  peneplain,  yielding,  theoretically  at  least. 
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a  surface  entirely  devoid  of  relief.  This  condition,  so  far  as  the  unusually 
satisfactory  evidence  permits  us  to  judge,  is  almost  realized  in  the  Manitou 
district,  where  the  insignificant  and  almost  inappreciable  relief  features 
occupy  but  a  minute  fraction  of  a  surface  which  is  otherwise  hardly 
distinguishable  from  a  perfect  plane. 

In  reaching  the  conclusion  that  the  sea  has  at  least  put  the  finishing 
touches  upon  and  given  character  to  a  plane  rock  surface  which  may 
very  well  have  been  reduced  to  a  peneplain  by  prior  subaerial  erosion, 
I  am  not  unmindful  of  the  view  advanced  by  Hayes  and  Campbell*  that 
this  supplementary  erosion  may  be  due  to  chemical  agents  acting  in  the 
subaerial  zone,  or  more  specifically  to  the  solution  of  silica  by  the  azo- 
humic  acids  of  marshy  tracts.  But  this  argument  appears  to  me  inad- 
equate and  inconclusive,  at  least  as  an  explanation  of  the  continent-wide 
])henomenon  under  consideration,  and  the  same  may  be  said  of  the  argu- 
ment suggested  by  McGee's  account  t  of  sheetflood  erosion  in  the  arid 
districts  of  the  west. 

No  one  questions  the  invasion  of  the  land  by  the  sea  in  Cambrian 
times,  or  that,  as  Walcott  and  others  have  insisted,  given  time  enough, 
the  mill  of  the  ocean  beach  was  competent  to  grind  the  face  of  the  conti- 
nent to  the  nearly  perfect  plane  now  preserved  in  the  Archean-Cambrian 
contact.  Therefore  it  would  seem  illogical  to  endeavor  to  press  into  this 
service  localized  agencies  whose  very  existence  in  Cambrian  times  is  a 
matter  of  conjecture. 

Relation  of  the  Form  of  unconformable  Contacts  to  the  Character 

OF  the  immediately  overlying  Sediments 

Not  only  were  the  Archean  granites  of  the  Manitou  area— alike  the 
coarse  and  the  fine  grained,  the  massive  and  the  gneissoid  varieties — 
worn  down  by  the  surf  of  the  Cambrian  sea  to  a  surface  as  'smooth  and 
flat,  in  the  main,  as  a  floor,  but  on  this  floor  was  left  hardly  a  recognizable 
trace  of  the  granite.  In  other  words,  the  base,  at  least,  of  the  Cambrian 
is  very  seldom  in  any  appreciable  degree  of  arkose  character,  and  then, 
so  far  as  1  have  observed,  only  in  close  proximity  to  some  residual  hum- 
mock where,  we  may  suppose,  the  lateral  gnawing  of  the  waves  went  on 
to  tlie  last ;  and  it  may  be  noted  in  passing  that  the  comparative  abrupt- 
ness of  these  slight  residuary  reliefs  is  far  more  consistent  with  marine 
than  with  subaerial  erosion.  With  the  exception  of  an  occasional  well 
rounded  pebble  of  vein  quartz,  the  basal  member  of  the  Cambrian  is  a 
nearly  pure  white  quartz  sandstone,  usually  of  rather  friable  texture,  but 


*  Bull.  Geol.  Soc.  Am.,  vol.  8,  pp.  213-226. 
t  Bull.  Geol.  Soc.  Am.,  vol.  8,  pp.  87-112. 
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sometimes  cemented  to  a  firm  sandstone  or  quartzite.  Higher  up,  where 
it  must  have  been  deposited  in  deeper  water  offshore,  it  becomes  more 
or  less  ferruginous  and  glauconitic  and  then  calcareous ;  but  Uie  sand- 
stone is  throughout  surprisingly  free  from  feldspar  and  mica,  the  almost 
complete  absence  of  arkose  material  being,  as  previously  noted,  the 
strongest  point  of  contrast  between  the  Cambrian  and  the  sandstones  of 
the  higher  formations.  The  Cambrian  of  the  Manitou  area  is  not  unique 
in  this  respect,  for  its  composition  here  accords  perfectly  with  my  obser- 
vations in  the  valley  of  Eagle  river  and  in  the  Black  hills  and  with  the 
published  descriptions  of  the  Cambrian  throughout  the  Rocky  mountain 
region  and  eastward  to  the  Cham  plain  valley  and  beyond.  Thus  Ijogan,  * 
in  describing  the  Potsdam  (Cahibrian)  of  the  Saint  Lawrence  valley  and 
the  northern  side  of  the  Adirondacks,  saj's: 

**  Tlie  thoroughly  rounded  form  of  the  grains  of  sand  composing  a  large  portion 
of  the  deposit,  and  the  fact  that  all  the  material  other  than  quartz  has  been  bniised 
up  and  washed  out  from  eo  much  of  it,  would  seem  to  make  it  probable  that  the 
formation  accumulateii  slowly,  and  that  the  Potsdam  [Cambrian]  coast  remained 
unchanged  for  a  great  length  of  time.'' 

These  two  main  facts — a  plane  erosion  surface  and  the  generally  non- 
arkose  character  of  the  overlying  sediment — must,  then,  be  correlated  as 
complementary  phases  of  the  erosion  process  and  as  testifying  with  equal 
distinctness  to  an  extremely  slow  subsidence  of  the  pre-Cambrian  land 
beneath  the  Cambrian  sea.  In  other  words,  the  transgression  of  the  sea, 
which,  as  suggested  by  Walcott,  probably  occupied  the  whole  of  Cam- 
brian time,  was  so  slow  and  gradual  that  erosion  could,  at  most  points,  or 
save  where  the  sea  encountered  rocks  of  exceptionally  resistant  character, 
like  the  Baraboo  quartzite  of  Wisconsin,  accomplish  its  most  perfect  work 
in  all  its  phases — planation, reduction  of  the  resulting  debris  toits  simplest 
and  final  terms  (quartz-sand  and  clay), and  the  thorough  assorting  of  these 
I)roducts,  so  that  the  clay  was  deposited  only  in  deep  water  remote  from 
the  shore  along  which  the  sand  slowly  accumulated. 

Merrill  t  has  covered  this  ground  in  part  by  suggesting  a  dual  correla- 
tion of  the  arkose  character  of  sediments  with  climatic  conditions  and 
the  rate  of  deposition.  According  to  the  first,  arkose  indicates  a  pre- 
dominance of  disintegration  over  decomposition  in  the  decay  of  rocks, 
and  hence  a  dry  or  frosty  climate,  and,  vice  versa,  the  absence  of  arkose 
in  sediments  is  indicative  of  decomposition  as  the  dominant  erosion 
factor,  and  hence  a  warm  and  humid  climate.  The  alternative  correla- 
tion implies  that  deposition  may  follow  so  closely  upon  disintegration  as 

♦  GeoloKy  of  Canada,  186.%  pp.  108,  109. 
t  Hull.  Geol.  Soo.  Am.,  vol,  7,  p.  ;J62. 
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t<)  forestall  decomposition.  This  must  mean,  however,  that,  as  would 
doubtless  be  generally  conceded,  subaqueous  are  less  favorable  than  sub- 
aerial  conditions  to  the  chemical  decomposition  of  mechanical  detritus, 
and  suggests  a  sharper  distinction  than  is  commonly  made  in  this  con- 
nection between  subaerial  and  marine  erosion.  The  former  yields,  ac- 
cording to  climatic  conditions,  arkose  or  non-arkose  detritus,  and  the 
arkose  detritus  yields,  according  to  the  rate  of  deposition,  arkose  or  non- 
arkose  sediments.  The  essentially  unaltered  condition  of  arkose  sedi- 
ments in  all  geological  formations  proves  that  the  process  of  kaolinization 
is  practically  at  a  standstill  on  the  marginal  sea- floor.  Daubr^e  and 
others  have  shown,  on  the  other  hand,  that  the  fine  trituration  of  sili- 
cates, even  in  pure,  cold  water,  is  inevitably  attended  by  liberation  of 
the  alkalies  and  alkaline  earths  and  the  formation  of  kaolin  as  the  final 
residue.  To  summarize :  arkose  in  sediments  implies  rapid  deposition 
of  mechanical  detritus — the  product  of  subaerial  or  marine  erosion — and 
the  absence  of  arkose  is  consistent  with  either  slow  or  rapid  deposition 
of  the  subaerial  chemical  detritus,  or  the  slow  deposition  of  mechanical 
detritus  from  any  source ;  but  it  must  always  mean  slow  deposition  for 
»eiliment  in  close  proximity  to  an  erosion  unconformity,  as  is  the  basal 
member  of  the  Cambrian  sandstone,  and  then  the  unconformity  should, 
theoretically,  be  of  an  approximately  plane  or  baseleveled  and  feature- 
less character. 

Not  only  is  the  basal  member  of  the  Cambrian  sandstone  in  the  Man- 
itou  area  almost  absolutely  free  from  arkose  material,  but  it  is  also,  as  a 
rule,  remarkably  well  assorted — mechanically  pure  as  well  as  chemically 
pure — and  evenness  of  grain  does  not  here  mean  exceptional  fineness  of 
grain,  although  the  sandstone  usually  becomes  somewhat  finer  upward 
from  the  base.  This  even  texture  or  mechanical  homogeneity,  expressed 
also  in  the  practical  absence  of  conglomerate  and  grit  layers,  is  addi- 
tional proof  that  the  sedimentary  process  was  deliberate  and  thorough, 
and  it  is  probably  a  safe  correlation,  well  sustained  and  illustrated  by 
a  comparison  of  the  Cambrian  and  Fountain  beds  of  the  Manitou  em- 
bayraent,  that  arkose  sediments  are  in  general  ill  assorted,  and  vice  versa. 
It  may  be  noted,  however,  that  to  some  extent  a  limitation  upon  the 
textural  homogeneity  of  sandstones,  through  any  considerable  thickness, 
is  imposed  by  the  condition  that  below  a  certain  size  effective  abrasion 
ceases,  neither  the  size  nor  the  angularity  of  the  grains  suffering  appre- 
ciable diminution  with  continued  trituration. 

The  gray  to  white  color  of  the  basal  sandstone  is  believed  to  have  a 
like  significance,  indicating  not  only  the  complete  elimination  of  the 
feldspar  and  mica  of  the  granitic  debris,  but  also  the  removal  by  gentle 
and  long  continued  attrition  of  the  more  or  less  distinct  pellicle  of  iron 
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oxide  and  clay,  by  which,  as  Russell  *  has  shown,  each  grain  of  quartz 
in  residuary  earths,  and  to  some  extent  in  the  regolith  as  a  whole,  is 
naturally  invested.  It  is,  of  course,  well  known  that  this  whitening  of 
sands  by  the  removal  of  the  ferric  oxide  which  coats  and  stains  the 
grains  may  be  accomplished  through  the  agency  of  decaying  organic 
matter,  as  may  often  be  observed  under  vegetable  mold  and  peaty  de- 
posits, the  iron  being  reduced  to  soluble  ferrous  forms.  But  in  the  Man- 
itou  area,  at  least,  it  is  only  in  that  part  of  the  Cambrian  sandstone  which 
is  most  unquestionably  a  beach  deposit,  and  where  the  conditions  dur- 
ing deposition  must  have  been  exceptionally  favorable  to  the  peroxida- 
tion and  chemical  fixation  of  iron,  that  the  decolorization  has  occurred  ; 
and  here  organic  matter  or  any  indication  of  its  former  presence  and 
iron  oxide  are  equally  conspicuous  by  their  absence.  The  only  satis- 
factory conclusion,  therefore,  is  that,  as  suggested  by  Russell,  the  sands 
were  bleached  by  mechanical  attrition. 

In  deeper  and  more  quiet  water  offshore,  where  the  overlying  reddish 
sandstone  must  have  been  deposited,  enough  red  clay  would  also  natur- 
ally have  been  deposited  to  fill  the  interstices  between  the  grains  and 
give  the  sandstone  a  ruddy  tint  in  spite  of  the  fact  that  the  quartz  grains, 
in  passing  through  the  mill  of  the  ocean  beach,  have  been  deprived  of 
their  ferruginous  cuticles.  The  calcareous  and  glauconitic  constituents 
of  the  red  sandstone  testify  to  the  comparative  tranquillity  of  the  off- 
shore conditions.  The  constant  and  well  nigh  interminable  shifting  of 
the  sand  on  the  beach  causes  any  clay  that  may  temporarily  become 
entrapped  to  be  washed  out,  while  offshore  the  sand  is  slowly  deposited 
grain  by  grain,  with,  as  a  rule,  little  subsequent  disturbance,  and  the 
dead  water  due  to  the  interstices  and  to  surface  friction  makes  the  per- 
manent entrapment  of  a  certain  proportion  of  clay  inevitable.  Hence 
the  conclusions  appear  to  be  warranted  that  the  ideal  beach  deposits, 
especially  with  a  slow  rate  of  subsidence,  are  white  (free  from  clay  and 
iron  oxide),  and  that  red  sandstones,  not  composed  of  red  feldspar, 
etcetera,  may  be  due  to  the  rapid  deposition  with  little  surf  action  of  the 
clay  coated  or  ferruginous  quartz  grains  of  the  regolitli,  as  suggested  by 
Russell,  or  to  the  admixture  of  clay  with  sand  which  has  been  bleached 
by  the  surf  during  its  slow  deposition  under  offshore  conditions. 

♦  Bull.  52,  U.  S.  Geol.  Survey,  p.  44. 
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Iroquois  Shore  near  Toronto 

The  recent  finding  of  fresh  water  shells  in  Iroquois  beach  gravels  close 
to  Toronto  appears  to  settle  the  long  debated  question  as  to  whether  the 
Iroquois  water  was  a  fresh  water  lake  or  an  arm  of  the  sea,  and  is  per- 
haps of  sufficient  importance  to  justify  a  brief  redescription  of  the  whole 
series  of  lake  deposits  in  the  neighborhood.  This  must  be  the  only  ex- 
cuse for  adding  to  the  already  voluminous  literature  on  the  Iroquois 
beach  and  the  complicated  problems  with  which  it  is  connected. 

Although  Dr  Spencer  long  ago  followed  and  determined  the  elevation 
of  the  Iroquois  beach  north  of  lake  Ontario,  as  Dr  Gilbert  has  done  on 
the  south,  it  seemed  worth  while  to  make  a  more  careful  survey  of  the 
old  coastline  in  the  neighborhood  of  Toronto,  and  the  results  of  this  are 
given  in  the  accompanying  map  (figure  1),  making  it  unnecessary  to  give 
details  of  the  interesting  topography  revealed.  After  the  survey  had 
been  made  it  was  found  that  the  western  bay,  reaching  from  Toronto 
Junction  to  Weston,  had  been  roughly  mapped  and  briefly  described  by 
Sandford  Fleming  in  1861.*  It  is  worthy  of  note  that  the  tw^o  sand  and 
gravel  spita  closing  the  mouths  of  the  Humber  and  Don  bays  of  lake 
Iroquois  were  formed  in  very  much  the  same  way  as  the  present  Toronto 
island,  the  materials  for  which  are  now  being  transported  from  Scarboro 

*  Canadian  Journal,  new  series,  vol.  vi,  1861,  p.  2*28. 
XXV— Bull.  Gbol.  Soc.  Am.,  Vol.  10,  18U8  (165) 
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bights  on  the  east.  Evidently  the  most  effective  wave  action  was  prev. 
alently  toward  the  west  in  Iroquois  times  as  now.  The  eastern  bar,  at 
the  mouth  of  the  Don  hay,  has  a  striking  resemblance  to  the  present 
Torontoisland,  including  hollows  which  once  were  lagoons.  The  growth 
of  these  bars  was  followed  or  accompanied  by  the  almost  complete  silt- 
ing up  of  the  two  bays,  which  are  now  plains  more  or  less  dissected  b)' 
the  modem  rivers,  with  their  tributaries. 

The  shores  of  lake  Iroquois  near  Toronto  were  usually  low,  with 
gently  sloping  swells  of  boulder-clay  rising  inland,  but  at  two  points, 
the  Davenport  ridge  and  .Scatboro  highta,  they  formed  cliffs,  in  the  latter 


case  rising  more  than  150  feet  above  the  water.  At  the  highest  part  the 
Iroquois  shore  for  half  a  mile  lay  to  the  south  of  the  shore  of  Ontario, 
the  only  instance  in  its  whole  circumference  where  the  old  shore  en- 
croacheil  on  the  territory  of  the  present  lake. 

As  a  result  of  the  growth  of  the  two  bars  shown  on  the  map,  the  !«" 
main  rivers  were  crowded  toward  the  west,  so  that  when  the  water  fell 
to  its  present  level  the  preglacial  channels  were  not  again  occupied,  hnt 
fresh  ones  were  cut  on  the  westward  ttidea  of  the  valleys.  In  the  case  of 
the  number  we  find  a  wide  valley,  with  little  rock  cutting  above  tlie  old 
bar,  and  a  narrow,  steep  walled  channel  cut  through  50  feet  or  more  of 
Hudson  shale  where  the  river  passes  the  western  end  of  the  bar. 

Fossils  occur  in  the  gravels  of  each  of  tlie  bars  described,  the  one  si 
Toronto  Junction  affording  numerous  shed  horns  of  caribou  and  wapiti 


OCCURRENCE   OF   FOSSILS  167 

at  a  depth  of  12  to  20  feet  below  the  crest  of  the  ridge,  while  a  mammoth ^s 
tooth  has  been  obtained  from  the  eastern  bar,  near  the  town  of  York. 

Professor  Hall  stated  many  years  ago  that  ahella  were  said  to  have 
been  found  in  beach  ridges  in  the  state  of  New  York,  though  he  himself 
had  not  seen  them,*  and  there  was  a  report  more  recently  that  marine 
shells  were  found  in  the  Hunter  Street  tunnel  in  Hamilton,  but  they 
turned  out  to  be  Silurian  brachiopods  from  drift  boulders  in  the  till. 
Until  recently  this  was  all  the  evidence  on  record  as  to  the  character  of 
the  Iroquois  water. 

The  opening  of  a  sand  and  gravel  pit  two  yea-rs  ago  by  the  city  author- 
ities of  Toronto,  near  the  Reservoir  park,  disclosed  a  few  fresh  water 
shells,  mostly  in  fragments.  Ijast  autumn  the  pit  was  opened  more 
extensively,  and  numerous  shells  were  picked  up  by  the  writer,  by  the 
workmen  in  the  pit,  and  by  students  and  others  interested  in  geology. 
As  many  of  them  were  taken  directly  out  of  the  undisturbed  gravel,  there 
can  be  no  doubt  that  the  shells  belong  where  they  were  found.  They 
include  many  specimens  of  Campdoma  decUa,  in  general  well  preserved ; 
a  number  of  pleuroceras,  probably  of  more  than  one  species ;  sphteriums, 
and  badly  worn  portions  of  unios. 

These  fossils  occur  150  or  160  feet  above  lake  Ontario  and  nearly  100 
feet  above  the  Don  valley  deposits,  a  half  mile  away,  from  which  so 
many  shells  have  been  obtained.  The  Don  beds,  beside  lying  so  much 
lower,  seldom  contain  campeloma,  the  commonest  fossil  at  the  Reservoir 
park  gravel  pit,  so  that  these  beds  can  not  be  confounded  with  the  much 
earlier  interglacial  deposits. 

The  beds  opened  are  evidently  of  Iroquois  age.  They  are  at  the  right 
level,  are  coarsely  stratified,  cross-bedded  beach  deposits,  and  lean  against 
an  escarpment  of  till  about  25  feet  high,  a  continuation  of  the  Davenport 
ridge,  the  old  shore  cliff  of  the  Iroquois  beach.  There  are  really  two 
Rnivel  pits,  an  upper  one  north  of  the  Canadian  Pacific  railway  and  a 
lower  one  south  of  it.  The  shells  are  found  only  in  the  deeper  layers 
not  reached  in  the  upper  pit,  though  the  two  excavations  are  evidently 
in  the  same  deposit. 

Fossils  from  other  raised  Beaches 

The  conclusion  that  the  Iroquois  water  was  fresh  is  entirely  what 
raight  have  been  expected,  since  other  postglacial  deposits  of  the  Great 
Lake  region  have  already  been  shown  to  contain  fresh  water  shells. 
Warren  Upham  reports  unios  and  spheeriums  from  lake  Agassiz,t  and 

•Geol.  of  New  York,  part  iv,  1843,  p.  349. 

t  Warren  Upham :  Glacial  Lake  Agasnis,  U.  S.  Geol.  Surrey,  vol.  zzv,  p.  237. 
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I  have  found  the  same  two  genera  in  the  old  lake  deposits  of  Rainy  river, 
said  by  Upham  to  have  been  formed  in  an  arm  of  lake  Agaasiz,  but  by 
Tyrrell  to  belong  to  a  later  lake.  Dr  Bell  has  found  fresh  water  shells  in 
old  lake  deposits  north  of  lake  Superior,  and  lake  Warren  (or  possibly 
lake  A]gonkin)  left  many  species  of  fresh  water  shells  in  its  muds  ami 
sands  near  Georgian  bay.  Professor  Chapman,  formerly  of  Toronto  Uni- 
versity, gives  a  list  of  11  species  from  Angus,  south  of  Georgian  bay,  and 
the  present  writer  has  collected  19  species  from  the  same  region. 

These  great  sheets  of  water,  then,  from  Agassiz  to  Iroquois,  were  evi- 
dently fresh.  A  fragment  of  marine  shell  picked  up  last  summer  in  the 
Peninsula  gravel  pit  north  of  lake  Superior  has  been  submitted  to  Dr 
Dall,  of  the  Smithsonian  Institution,  who  pronounces  it  that  of  a  recent 
oyster,  but  as  the  transcontinental  trains  of  the  Canadian  Pacific  railway 
pass  along  one  side  of  the  ballast  pit,  there  seems  no  doubt  that  the  shell 
reached  its  position  by  human  agency. 

All  the  evidence,  then,  aflbrded  by  fossils  speaks  of  fresh  water,  and  it 
fails  altogether  to  support  the  idea  that  the  sea  has  invaded  any  part  of 
the  Great  Lake  region  in  Glacial  or  post-Glacial  times.  It  is  a  striking 
fact,  however,  that  marine  deposits  occur  but  a  short  distance  away  in 
the  Saint  Lawrence  valley  to  the  east,  the  Ottawa  valley  to  the  northeast, 
and  on  the  shores  of  the  rivers  flowing  into  Hudson  bay  on  the  north. 
Sir  W^illiam  Dawson  and  others  note  the  Leda  clavs  and  Saxicava  sands, 
often  with  numerous  subarctic  marine  shells,  all  along  the  Saint  Ijaw- 
rence  valley  up  to  550,  or  perhaps  600,  feet  above  sealevel.  Similar  shells 
and  marine  fish  occur  along  the  Ottawa,  and  the  bones  of  a  whale  have 
been  found  420  feet  above  sealevel  in  a  railway  gravel  pit  near  Smiths 
Falls,  between  the  two  rivers.*  Dr  Bell  and  Mr  Tyrrell  report  marine 
terraces  with  shells  not  more  than  200  miles  north  of  the  Great  lakes. 

Warping  of  the  Iroquois  Bea(;h 

It  is  evident  that  if  the  sea  rose  uniformly  over  the  eastern  part  of 
Canadaand  the  adjoining  states  the  lake  Ontario  basin,  which  now  stands 
247  feet  above  the  sea,  would  be  deeply  submerged  when  marine  terraces 
were  being  formed  at  Montreal,  550  feet  above  the  present  sealevel,  so 
deeply  as  to  rise  130  feet  above  the  Iroquois  beach  at  Toronto.  However, 
the  researches  of  Gilbert  and  Spencer  prove  a  very  marked  differential 
elevation  of  the  old  beach,  which  is  now  tilted  up  at  its  northeastern  end. 

Spencer  holds  that  if  we  subtract  the  total  elevation  of  the  land  since 
Iroquois  times  it  will  leave  the  beach  at  the  level  of  tidewater.     To  test 


♦The  Ciiimdiiin  Ive  Ajce,  1H9:<,  p.  «i3;  nlso  pp.  lj»r»-a»3. 
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this  view,  my  friend  Dr  Ellis  has  aided  me  in  working  out  a  curve  to 
represent  the  differential  elevation  of  the  region.  The  hights  of  the  beach 
above  present  sealevel  were  taken  from  Spencer's  History  of  the  Great 
Lakes  and  used  as  ordinates,  while  distances  from  Hamilton,  at  the  west 
end  of  the  lake,  served  as  abscissae.  It  was  found,  to  our  surprise,  that 
the  direction  northeast  did  not  bring  the  readings  into  anything  like 
harmony,  those  south  of  lake  Ontario  being  too  low  as  compared  with 
those  to  the  north.  After  numerous  trials  the  direction  north  17  d^rees 
east  was  observed  to  harmonize  the  elevations  given  by  Spencer  in  the 
most  satisfactory  way,  and  the  diagram  resulting  is  reproduced  here.     It 


tOM 


Mil«c  N.  17*  C.  of  HMnilten,  Ontario 

FiGUBE  2. — Curve  of  Elrvation  of  Iroquois  Beach. 
Projected  on  a  vertical  plane  running  N.  17**  E. 


^ill  be  noticed  that  the  determinations  as  a  whole  form  an  evident  curve 
rising  at  a  rapidly  increasing  ratio  in  the  direction  of  north  1 7  degrees  east. 
The  irregularities  may  be  accounted  for  probably  by  the  fact  that  in  some 
<^ae8  the  hight  of  the  crest  of  a  bar  was  measured  ;  in  others  that  of  the 
plain  at  the  foot  of  a  shore  cliff.  It  should  be  added  that  Mr  Gilbert 
finds  [several  beach  lines  on  the  north  side  of  the  lake,  near  its  eastern 
end,  having  quite  a  range  of  elevation,  and  thinks  there  are  records  of 
two  intersecting  water  planes.  As  the  records  of  his  work  have  not 
reached  me,  they  can  not  be  made  use  of  here,  and  the  curve  is  given  as 
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worked  out  *  A  glance  at  the  diagram  will  show  that  the  curve  rapidly 
approaches  a  horizontal  line  as  it  advances  southwest,  and  thathoriwm- 
tality  would  be  reached  much  above  sealevel.  On  theother  hand, it  is  clear 
that  the  northeast  projection  of  the  curve  would  run  far  above  the  600-foot 
beach  at  Montreal,  or  any  elevation  at  which  marine  shells  have  been 
found,  along  the  rivers  flowing  into  Hudson  bay.  It  can  not  be  assumed, 
of  course,  that  the  curve  of  elevation  would  continue  indefinitely  toward 
north  17  degrees  east.  There  must  be  somewhere  a  gentle  anticline, 
beyond  which  there  is  a  downward  slope,  unfortunately  not  recorded  in 
the  wide  valleys  of  the  Saint  Lawrence  and  Ottawa. 

The  researches  of  Messrs  Gilbert  and  Taylor  seem  to  prove  that  after 
the  Iroquois  lake  was  drained  there  was  a  short  time  during  which  the 
gulf  of  Saint  Lawrence  extended  into  the  Ontario  ba8in,t  and  it  may  be 
that  the  whole  of  the  marine  beaches  of  eastern  Canada  are  post-Glsicial 
in  age,  and  therefore  later  than  the  Iroquois  beach. 

Interglacl4l  Water-levels 

Thus  far  we  have  followed  in  brief  outline  the  record  of  changes  of 
water-level  as  disclosed  in  old  beaches,  and  a  most  wonderful  and  com- 
plicated history,  even  yet  only  imperfectly  understood,  has  been  unrolled 
before  us  by  Gilbert,  Spencer,  Taylor,  and  others.  It  must  not  be  for- 
gotten, however,  that  this  tangle  of  beaches  and  deserted  waterways 
represents  only  the  latest  series  of  episodes  in  the  history  of  the  Great 
lakes,  the  results  of  the  removal  of  the  last  ice-sheet  and  of  the  later 
changes  of  level  of  eastern  America.  We  may  imagine  that  the  slow 
advance  of  the  great  ice-sheet  produced  a  similar  series  of  lakes,  but  in 
ascending  instead  of  descending  order,  beginning  with  a  greater  lake 
Ontario  far  earlier  than  the  Iroquois  lake,  proceeding  to  a  lake  Algonkin, 
a  lake  Warren,  and  a  lake  Agassiz.  Unfortunately  this  must  all  be  left 
to  the  imagination,  since  no  record  of  the  first  ice  advance,  in  so  far  as  it 
affected  water-levels  in  the  Great  Lakes  region,  has  been  discovered  up  to 
the  present.  The  same  may  be  said  of  the  earlier  inter-Glacial  period  or 
periods.  It  is  only  when  we  come  to  the  later  inter-Glacial  times,  which 
have  left  their  record  in  the  Don  and  Scarboro  sections,  that  we  have 
certain  evidence  of  changes  of  water-level,  and  this  evidence  refers  to  the 
Ontario  basin  only. 

It  may  be  that  some  will  object  to  the  assumption  of  an  inter-GJacial 

♦►Since  this  paper  was  written  copies  of  the  Sixth  Ann.  Rep.  of  State  Reservation  Rt  Niafrara,  lJ<9f>. 
and  of  "  Recent  Earth  Movement  in  the  Great  Lakes  Ref^ion  "  have  been  obtained,  giving  vahisM*' 
information  on  this  point.  The  isobasic  curves  on  page  G04  of  the  latter  paper  give  a  reason  for 
our  difRcuItiefl  in  reducing  the  levels  to  the  curve  shown  in  the  diagram. 

t  F.  B.  Taylor  :  A  short  History  of  the  Great  Lakes,  p.  20. 
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period,  holding  that  the  Ice  age  was  a  unit.  It  is  not  intended  to  discuss 
this  question  here  at  length,  but  merely  to  show  what  all  who  have 
studied  the  drift  sections  near  Toronto  will  admit,  that  there  was  a  great 
and  long  continued  recession  of  the  ice  from  the  region  of  lake  Ontario 
(luring  the  time  of  the  Toronto  formation,  even  if  the  ice-sheet  was  not 
completely  thawed  away. 

The  Toronto  formation*  gives  no  hint  of  changes  connected  with  the 
withdrawal  of  the  ice  during  the  earlier  part  of  the  inter-Glacial  period, 
but  commences  with  a  warm  climate  deposit  resting  on  a  bed  of  till. 
The  numerous  plants  and  animals  found  fossil  in  these  beds  show  a 
climate  distinctly  warmer  than  the  present  at  Toronto  and  incompatible 
with  the  presence  of  a  huge  mass  of  ice  a  short  distance  away.    The 

"'^^S^^ Qouttier  f\iremwiC 

uji  -\ ^^StraUfiedCta/  wtUtoutfossiis 

c: 
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FiGURB  3.—S€etion  at  Taylor^*  Brickyard^  Don  Valley. 

cases  of  the  Malaspina  and  other  Alaskan  glaciers  ending  close  to  a 
luxuriant  vegetation,  and  of  the  Swiss  glaciers  whose  foot  reaches  the  level 
of  orchards  and  vineyards,  brought  forward  by  Warren  Upham  to  show 
the  probable  continuity  of  the  Ice  age  during  the  deposit  of  the  Toronto 
formation,  do  not  furnish  a  parallel  to  the  state  of  affairs  in  inter-Glacial 
times  on  lake  Ontario,  since  in  the  latter  case  there  were  no  lofty  moun- 
tains to  afford  nw^,  as  in  the  instances  referred  to.  We  may  conclude, 
then,  that  the  Don  beds  of  the  Toronto  formation  indicate  the  middle 
of  a  mild  period,  with  ice  too  far  away  to  dam  any  valleys  of  the  region. 
At  this  time  Scarboro  bights,  now  rising  350  feet  above  lake  Ontario, 
did  not  exist.  Instead  there  was  a  depression  reaching  more  than  40 
feet  below  the  present  lake  level  at  that  part  of  the  region,  and  a  greater 
lake  than  Ontario  stretched  a  bay  to  the  northward  or  northwestward  to 
what  distance  is  unknown.    The  water  stood  at  least  40  feet,  and  prob- 

*>^eG.  J.  Hinde :  Glacial  and  Itit«rglacial  Strata  of  Scarboro  Hights,  .lour.  <.'un.  IiiHt.,  vol.  xv, 
^»t:  Interglacial  Fossils  from  the  Don  Valley,  Am.  Geologist,  vol.  xiii,  Feb.,  181H,  pp.  85-9'* ; 
Mioia]  and  Interglacial  Deposits  near  Toronto,  Jour.  Geol.,  vol.  iii,  no.  6,  180.*),  pp.  022-645,  and  Re- 
port on  Canadian  Pleistocene,  Committee  of  British  Association,  Bristol,  18U8. 
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ably -50  or 60  feet,  above  the  present  lake,  but  not  more,  since  at  this leifl 
in  the  Don  beds  the  warm  elimute  fossils  cease,  and  just  below  it  a  seri(^ 
ofBand  and  gravel  beds  containing  much  brown  oxide  of  iron  hintatslial- 
low  water  and  oxidation.  It  may  be  added  that  the  finding  of  unioe  in | 
the  position  where  they  lived,  just  over  the  boulder  clay,  35  feet  aWvf 
lake  Ontario,  suggests  the  same  thing,  as  they  are  stated  to  live  in  shallov 
water  only. 

Thislake.oOor  60  feet  deeper  than  the  present  Ontario,  could  not  bate 
been  dammed  by  ice  during  the  genial  Don  climate,  but  may  have  l>eei. 
held  up  by  a  drift  deposit  near  its  eastern  end,  though  more  prolmbl}' 
supported  by  a  more  extensive  differential  uplift  near  the  Thousand 
islands  than  the  one  which  holds  up  lake  Ontario  at  present. 

Without  any  apparent  discon.lance  the  warm  climate  beds  are  follow^ 
by  a  great  thickness  of  huff  stratified  clay  containing  many  thin  pealr 
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layers  with  extinct  insects  and  plant  remains  of  a  comparatively  cool  bm 
not  arctic  climate,  as  shown  by  Dr  Scudder,  Professor  Penhallow,  I'f 
Macoun,  and  others.*  The  latter  may  be  called  the  Scarboro  beds  of  the 
Toronto  formation,  since  best  shown  at  Scarboro  hights.  At  this  tiiii«. 
and  probalily  during  the  preceding  Don  stage,  a  great  river,  the  succss-'wr 
of  Spencer's  preglacial  Laurentian  river,  drained  theupper  lakes,  flowing 
from  the  Georgian  bay  to  a  point  north  of  Toronto,  where  it  formed  an 
extensive  delta  deposit,  now  beet  displayed  at  Scarboro  hights.  The 
Scarboro  peaty  clays  rise  on  the  shore  of  lake  Ontario,  95  feet  above  tl)c 
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water,  and  extend  15  or  20  feet  below  the  surface,  as  shown  in  wells  sunk 
list  vear  bv  the  Pleistocene  committee  of  the  British  Association  for  the 
Adyancement  of  Science,  at  the  foot  of  the  hights.  Inland  these  easily 
recognized  peaty  clays  rise  to  145  feet  north  of  Reservoir  park,  and  have 
been  found  near  York  mills,  more  than  6  miles  north  of  Toronto  bay. 
How  rauch  farther  inland  they  extend  is  not  known.  While  the  peaty 
clay  rises  only  95  feet  above  the  lake  at  Scarboro,  a  conformable  series  of 
stratified  sands  containing  wood  and  a  few  fresh  water  shells  rises  50  feet 
higher,  so  that  the  lake  in  the  times  of  the  Scarboro  deposits  stood  at 
least  145  feet  above  the  present  water-level. 

The  cause  of  this  deepening  of  the  water  from  60  feet  or  less  to  145  feet 
or  more  above  the  present  lake  is  not  certain.  The  climate,  as  shown  by 
the  authorities  quoted  above,  was  about  that  of  the  north  shore  of  lake 
Superior  or  the  south  shore  of  Labrador  at  present.  It  was  not  arctic 
nor  even  subarctic,  but  cold  temperate.  The  clays  and  sands  contain  no 
Iwulders  such  as  one  would  expect  to  find  in  a  glacially  dammed  body 
of  water  with  large  ice  masses  drifting  on  its  surface,  but  some  beds  of 
clay  are  crumpled  in  a  way  that  might  suggest  the  shove  of  an  ice-floe. 
It  seems  most  probable  that  the  uplift  which  held  back  the  Don  waters 
increased  during  Scarboro  times,  ultimately  reaching  145  feet  or  more  at 
the  east  end  of  the  basin.  The  great  river  which  entered  the  Scarboro 
water  at  an  unknown  distance  north  of  the  present  shore  of  Ontario, 
bringing  down  fragments  of  moss,  wood,  and  bark  and  innumerable 
^Irowned  beetles  from  the  regions  to  the  northwest,  demanded  a  wide 
outlet  to  the  sea  somewhere  toward  the  east,  and  probably  followed  the 
present  valley  of  the  Saint  Lawrence. 

Another  point  suggesting  that  this  body  of  water  in  which  the  Scarboro 
<lelta  deposits  were  laid  down  was  not  ice-dammed  is  the  fact  that  before 
the  next  great  glacial  advance  the  Scarboro  water  was  drained  off  to  a 
level  below  that  of  lake  Ontario.  The  proof  of  this  is  to  be  seen  in  the 
section  of  the  Scarboro  cliffs,  where  valleys  as  deep  and  wide  as  those  of 
our  present  drainage  system  were  carved  in  the  delta  deposits  before  the 
next  till  sheet  was  spread  over  the  region. 

If  the  reasoning  here  given  be  accepted,  we  must  assume  that  the 
eastern  end  of  the  basin  rose  145  or  more  feet  above  the  western  end,  as 
compared  with  the  present  lake  level,  during  inter-Glacial  times,  and 
then  sank  again  to  a  point  somewhat  below  the  modem  water  plane  before 
the  ice  advanced  once  more. 

The  series  of  changes  just  outlined  might  be  accounted  for  by  Warren 
^  l)ham'8  theory  that  the  land  is  lowered  by  the  pressure  of  the  mass  of 
ice  during  a  glacial  advance  and  rises  again  when  the  load  is  removed, 
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It  may  be  supposed  that  the  interglacial  relief  from  pressure  allowed  the 
northeast  part  of  the  continent  to  rise,  thus  damming  back  the  water?  of 
the  Scarboro  lake.  Ultimately,  however,  the  rise  may  have  been  suffi- 
cient to  cause  the  formation  of  fresh  snowfields  and  an  ice-sheet,  loading 
down  Labrador  and  Quebec  once  more  till  the  region  sank  under  ite 
burden  and  permitted  the  Scarboro  basin  to  be  drained  again.  If  thi? 
theory  is  correct,  the  ice  must  have  advanced  southwest  very  slowly,  for 
after  the  lowering  of  the  northeast  end  of  the  lake  sufficient  time  elaj^sed 
to  allow  the  interglacial  valleys  to  be  cut  down  to  a  base  even  lower  than 
the  present  one.  It  should  be  added,  however,  that  the  thickness  of  drift 
materials  cut  through  was  not  .much  over  half  the  average  thickness  of 
the  beds  in  which  the  present  Don  river  is  carving  its  valley. 

Watkr-levki^  duri.ng  last  Advanck  of  the  Ice 

The  cutting  of  the  interglacial  valleys  no  doubt  required  a  long  tirnci 
perhaps  thousands  of  years,  but  at  length  the  ice- front  advanced  far 
enough  to  fill  the  lower  end  of  the  Ontario  valley,  ponding  back  the  water 
to  a  far  higher  level  than  we  have  any  record  of  before,  since  stratified 
sands  and  clays  are  found  at  Scarboro  and  north  of  Toronto  at  least  32<> 
feet  above  lake  Ontario. 

At  the  former  point  there  are  four  well  defined  beds  of  till  with  strati- 
fied materials  between,  the  whole  series  of  deposits  reaching  a  thickness 
of  200  feet.  It  is  very  probable  that  when  these  beds  were  formed  the 
ice-front  crossed  the  basin  of  lake  Ontario  diagonally  just  northeast  of 
Toronto,  sometimes  advancing  and  at  others  retreating,  the  water  rising 
high  along  its  face.  It  would  be  of  great  interest  to  determine  whether 
any  equivalent  series  of  high  level,  stratified  and  unstratified,  glacial  bed? 
exists  in  the  state  of  New  York  to  the  east  or  southeast  of  Scarboro. 

It  is  probable  that  during  this  last  invasion  of  the  ice  the  region  stood 
much  lower  than  now,  so  that  the  stage  of  apparent  high  water  was  not 
actual  but  only  relative  to  the  present  level.  The  land  surface  may  even 
have  been  570  feet  lower  than  now,  so  that  but  for  the  intervening  mass 
of  ice  it  might  have  been  flooded  by  the  sea.  No  fossils  have  yet  been 
found  in  these  beds  at  Scarboro  to  determine  the  character  of  the  water, 
but  in  an  interglacial  bed  of  stratified  sand  three  and  a  half  miles  north 
of  Toronto  bay,  overlying  the  till  sheet  which  covers  the  Toronto  forma- 
tion, several  species  of  fresh  water  shells  occur  220  feet  above  lake  Ontario. 
These  sands  rise  27  feet  higher  and  have  a  thin  bed  of  till  interstratified 
with  them  near  the  top.  It  is  probable  that  this  deposit  is  equivalent  in 
age  to  part  of  the  interstratified  sands  between  the  upper  layers  of  till  at 
Scarboro,  which  would  indicate  fresh  water  in  the  lake  of  the  time. 
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This  body  of  water  may  have  been  much  deeper  than  is  indicated  by 
the  highest  stratified  materials  observed  near  Toronto.  It  may  even 
have  been  part  of  one  of  the  great  postglacial  lakes  whose  beaches  have 
been  traced  farther  west,  as,  for  example,  lake  Warren  ;  but  it  is  more 
probable  that  the  high-level  stratified  sands  and  clays  were  formed  be- 
forethe  ice  had  advanced  to  its  farthest  point,  in  a  lake  whose  beaches 
were  destroyed  as  the  glacier  pushed  toward  the  southwest,  and  so  can 
not  be  connected  with  any  body  of  water  hitherto  described.  The  highest 
stratified  bed  at  Scarboro  is  covered  by  30  feet  of  till,  forming  the  edge 
of  the  gently  rolling  morainic  sheet  of  the  country  to  the  north.  This 
brings  to  an  end  the  succession  of  interglacial  lakes,  as  shown  near 
Toronto. 

The  final  retreat  of  the  ice  formed  lake  Warren,  of  which  there  are  no 
certain  evidences,  however,  in  this  region,  and  at  length  lake  Iroquois, 
probably  the  last  of  the  splendid  series.    . 

Conclusions 

Reviewing  the  old  water-levels  of  the  Ontario  basin,  as  sketched  in 
the  foregoing  ))aper,  we  find  that  the  records  commence  with  the  Toronto 
formation  at  the  middle  of  an  inter-Glacial  period,  and  that  the  succession 
may  be  re]>resented  in  the  following  table : 

a.  Interglaeial  Lakes 

1.  Don  stage,  warm  climate,  fresh  water  shells,  dammed  by  differential  elevation 

toward  northeast  to  about  60  feet  above  present  lake.    Successor  to  Lauren- 
tian  river  enters  north  of  Toronto. 

2.  Scarboro  stage,  cold  temperate  climate,  fresh  water  shellSi  deposits  conformable 

with  those  of  last  level,  but  reach  145  feet,  and  consist  of  delta  materials  of 
Lauren  tian  river. 

3.  Low  water  stage  with  subaerial  erosion  and  cutting  of  river  valleys  to  a  depth 

below  present  lake  level. 

4.  High  water  stage,  glacial  or  subglacial  climate,  probably  fresh  water  shells,  ice 

dammed  to  a  hight  of  at  least  320  feet. 

6.  Bodies  of  Water  Accompanying  Retreat  of  Ice 

5.  Probably  lake  Warren,  subglacial  or  cold  temperate  climate,  fresh  water  shells 

(near  Georgian  bay),  ice  dam. 

6.  Lake  Iroquois,  temperate  climate,  fresh  water  shells,  caribou,  wapiti,  elephants, 

170  feet  above  lake  Ontario,  ice  dammed. 

7.  Extension  of  gulf  of  Saint  Lawrence  over  portions  of  Ontario  basin. 

The  series  of  former  water-levels  in  the  Ontario  basin  as  given  above 
must,  of  course,  be  looked  on  merely  as  relative  to  the  present  surface  of 
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lake  Ontario.  What  absolute  bights  they  had  above  the  sea  one  can 
hardly  guess  in  the  case  of  the  first  four,  and  even  as  regards  lakes  War- 
ren and  Iroquois  the  elevation  above  sealevel  must  for  the  present  remain 
very  doubtful. 

It  has  seemed  unwise  to  give  separate  names  to  the  old  lakes  whoi«e 
deposits  lie,  as  one  might  say,  encapsuled  within  one  another  in 'the 
Ontario  basin,  and  reference  has  been  made  only  to  the  various  stages 
clearly  shown  in  the  drift  of  the  region.  The  Iroquois  beach,  so  mag- 
nificently displayed  and  so  thoroughly  studied,  deserves,  of  course,  a  di?}- 
tinctive  name.  Possibly  the  example  set  by  Tyrrell  in  his  account  of  the 
'  old  beaches  west  of  Hudson  bay  might  be  followed  profitably,  naming  the 
ancient  lakes  Epi-ontario  number  1,  number  2,  etcetera.  This  method 
seems  most  applicable,  however,  to  instances  where  there  are  well-de- 
fined beaches.  When  the  dam  at  the  outlet  rises  steadily  without  dis- 
tinct pauses,  as  seems  to  have  occurred  when  the  Don  interglacial  stage 
merged  into  the  Scarboro  interglacial  stage  near  Toronto,  it  is  clear  that 
no  sharp  line  should  be  drawn  between  the  successive  bodies  of  water. 

The  complicated  bit  of  history  outlined  in  this  paper  afibrds  fresh  proof 
of  the  delicate  balance  of  affairs  in  the  Great  I^akes  region  during  the 
last  few  tens  of  thousands  or  hundreds  of  thousands  of  years,  and  is  sug- 
gestive of  the  kind  of  changes  which  it  may  undergo  in  the  future.  Is 
the  rest  of  America  and  the  world  in  a  condition  of  unstable  equilibrium 
like  that  of  the  region  of  the  Great  lakes ;  or  are  the  Great  lakes  situated 
where  they  are  because  the  region  is  subject  to  greater  and  more  frequent 
changes  of  level  and  of  attitude  than  others  ? 
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Introduction 


Field-work  in  a  portion  of  the  Adirondack  region  during  the  past  two 
years  has  disclosed  the  rather  widespread  occurrence  of  rocks  which 
resemble  some  phases  of  the  anorthosites,  and  were  classed  with  them 
until  inspection  of  thin-sections  showed  their  quite  different  nature. 
Similar  rocks  prove  to  be  of  frequent  occurrence  in  the  district,  and  to 
have  an  extent  and  importance  not  heretofore  recognized.  They  also 
possess  considerable  intrinsic  interest,  so  that  some  preliminary  notice 
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of  them  would  seem  to  be  justified  in  advance  of  a  thorougli  investiga- 
tion of  tlieir  field  relations.  These  rocks  are  widel}'  and  quite  typically 
exposed  in  the  vicinity  of  Loon  lake,  in  Franklin  county,  New  York. 
and  many  of  the  exposures  are  easily  accessible ;  hence  their  selection 
for  descriptive  purposes.     The  rocks  are  referred  to  the  augite  syenites. 

Megascopic  Charactek 

When  fresh  these  rocks  are  of  a  grayish  green  color,  which  quickly 
changes  to  a  more  pronounced  green  on  slight  exj)osure.  When  longer 
exposed  a  further  change  to  a  yellowish  or  brownish  green  takes  place, 
and  then  a  passage  into  a  rusty  brown,  which  is  the  prevailing  color  of 
the  exposures,  except  in  recent  cuts.  The  cause  of  these  rapid  color 
changes  is  not  manifest,  sections  from  specimens  of  the  first  three  shades 
showing  all  the  constituents  to  be  perfectly  fresh.  Even  the  rusty  brown 
rocks  are  often  quite  unaltered,  though  the  liypersthene  is  commonly 
decomposed,  suggesting  staining  from  the  oxidation  of  the  ferrous  oxide 
as  a  possible  cause  of  the  color  here. 

For  the  most  part  the  rocks  are  of  medium  grain,  though  with  much 
variation*  from  place  to  i)lace.  They  have  been  subjected  to  regional 
metamorphisnj  in  common  with  the  other  rocks  of  tlie  district,  and 
hence  are  rather  evenly  granular,  though  in  most  cases  larger  crystals  are 
more  or  less  abundant,  suggesting  cataclastic  structure.  Feldspar  is 
much  the  most  prominent  mineral,  constituting  usually  about  80  per 
cent  of  the  rock.  'I'he  uncrushed  crystals  are  always  less  green  than  the 
granular  feldspar.  Pyroxene  or  hornblende  and  quartz  niake  up  the 
rest  of  the  rock.  Sometimes  a  little  garnet  and  magnetite  may  be  <lis- 
cerned.     IJiotite  is  locally  present. 

As  a  result  of  metamorphism,  a  rude  foliation  is  commonly  apparent, 
though  with  much  variation  from  place  to  place,  depending  on  the* 
amount  of  ferromagnesian  silicates  present  and  on  the  degree  of  gran- 
ulation. In  other  words,  precisely  the  same  range  is  shown  that  the 
gal)bros  exhibit,  though  very  coarsely  crystalline  phases  comparable  to 
the  coarse  anorthosites  have  not  been  observed.  In  the  :nore  quartzose 
varieties  the  ferromagnesian  silicates  retreat  with  disappearance  of  the 
foliation,  its  place  being  taken  by  a  rude  linear  structure  due  to  the 
drawing  out  of  the  quartz  into  pencils. 

Section  near  I^oon  J^ake  and  rrs  Interpretation 

In  the  east  end  of  Loon  Lake  mountain,  south  of  and  within  2  miles 
of  the  depot,  the  Adirondack  and  Saint  Lawrence  railroad  has  made  three 
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rock  cut8,  which  afford  very  interesting  exposures.*  In  the  first  cut  a 
fairly  coarse  augite-syenite  is  sliown  which  has  not  been  severely  gran- 
ulated, is  practically  non-foliated,  and  has  a  very  evident  cataclastic 
structure  (plate  19).t  The  second  cut  shows  quite  similar  material, 
though  more  crushed  and  with  a  better  foliation.  The  third  cut  is 
(juite  extensive,  and  a  generalized  section  of  the  exposures  is  given  in 
the  accompanying  figure. 

The  augite-syenite  constitutes  the  center  and  south  end  of  the  section. 
It  is  more  thoroughly  granulated  and  more  gneissoid  than  in  the  pre- 
ce<ling  exposures.  Separating  the  two  syenite  areas  is  a  thickness  of 
12  feet  of  well  banded  gneisses.  Above  is  a  layer  2  feet  thick  of  a  white, 
granular  rock  composed  of  quartz  and  white  i)yroxene  in  the  proportion 
of  1  to  2.  This  is  followed  by  layers  of  granular,  black  pyroxene  gran- 
ulite  and  light  colored  quartzose  rocks,  the  latter  consisting  essentially 
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A,  augitc-syenitf.  fl,  well  banded  qimrtzoso  KiH»if>»e><,  C,  qiuu'tzoMe  jciu«iH.se!i«.  />,  biotitic 
«.hoiir«fd  «itrip— Htrike  north  10  ilej<;r«»«»«  w«»Ht.     I)i|»  of  bedding  and  foliation  •».')  degreen  to  the  \vo.st. 

of  quartz  and  potash  feldspars,  the  (juartz  forming  from  60  to  70  per 
cent  of  the  rock.  The  structure  and  comj)osition  indicate  a  sedimentary 
origin  for  these  included  bands,  and  they  are  precisely  like  rocks  which 
invariably  accompany  the  crystalline  limestones  of  the  region,  the  white 
pyroxene  being  especially  characteristic.  At  the  lower  contact  with  the 
.syenite  is  a  probable  shear-plane,  along  which  biotite  is  abundantly  de- 
veloj)ecl.  This  syenite  is  succeeded  to  the  north  by  finely  granular,  red, 
granitic  gneisses  of  doubtful  origin,  but  also  very  similar  to  rocks  which 
are  of  common  occurrence  associated  with  the  limestones.  The  foliation 
planes  of  the  syenite  have  the  same  dip  and  strike  as  the  included 
gneisses. 

There  can  be  no  question  of  the  sedimentary  origin  of  the  gneisses  in- 
cluded under  "  B  ''  in  the  section  (see  plate  20).  With  that  as  a  start- 
ing point,  the  unifonn  dip  and  strike  in  the  exposure,  together  with  the 
finely  granular  character  of  the  syenite,  give  the  impression  that  the 
whole  forms  a  regularly  bedded  series  ;  but  when  the  syenite  is  com- 
pared with  the  rock  in  the  other  cuts  it  is  seen  to  be  unquestionably  the 

•Th«*!«e  ♦'xp*>?«nre«*  were  visitt^d  in  i-onipuiiy  with  ProtV-MMir  A.  <'.  (iill  in  .Inly,  I«97,  Hntl  with 
Pr«>fi'!««M»r  J.  F.  Kornp  in  AugnHt,  18l»8,  noitlu-r  of  whotn  obj<M'ted  to  the  inteiprf taticin  hon«  givfii. 

t  A  photograph  of  this  exposure  '\»  rt^pro'lufed  in  plate  lt»  to  indicate  the  color  change  due  to 
wo;&CheriDg. 


180      H.  V,  CUSHINCJ AUGITE-SYENITE   GNEISS    NEAR   LOON    LAKE 

same,  and  that  appears  like  a  somewhat  crushed  intrusive  rock.  When 
it  is  recalled  that  the  whole  region  has  suffered  profound  dynamic  met- 
amorphism,  producing  a  common  foliation  in  the  r6cks  irrespective  of 
their  origin ;  when  it  is  further  borne  in  mind  that  in  the  eastern  half 
of  the  Adirondacks  the  rocks  of  the  Grenville  (crystalline  limestone) 
series  seldom  occur  in  considerable  belts,  but  rather  in  mere  patches, 
and  these  patches  are  often  wholly  surrounded  by  undoubted  igneous 
rocks,  being  found  not  infrequently  inclosed  in  the  anorthosites,  and, 
further,  that  in  the  majority,  if  not  in  all  cases,  the  bedding  of  the  one 
and  the  foliation  of  the  other  are  parallel,  the  seeming  difficulty  in  the 
interpretation  disappears ;  when,  finally,  the  chemical  nature  of  the 
rock  is  taken  into  consideration  the  case  for  its  igneous  origin  seems 
made  out. 

It  is  not  certain  from  the  section  whether  the  clastic  rocks  are  in  place 
and  cut  by  large  dikes  of  the  intrusive,  or  whether  they  represent  frag- 
ments caught  up  by  the  molten  flood.  Many  examples  of  the  latter 
might  be  cited  from  the  eastern  Adirondacks,  and  the  great  extent  of 
the  syenite  in  the  vicinity  of  Loon  lake  with  the  scarcity  of  the  Gren- 
ville series  makes  it  the  probable  explanation  here.  Professor  Kemp 
concurs  in  the  view  that  these  patches  represent  the  remains  of  a  once 
extended  formation  completely  broken  up  by  the  great  intrusions. 

Microscopic  Character  and  Mineral  Constituents 

The  thin-section  from  the  hand  specimen  chosen  as  typical  and  used 
for  the  chemical  analysis  shows  the  presence  of  the  following  minerals: 
Zircon,  apatite,  magnetite,  garnet,  hypersthene,  augite,  hornblende,  oligo- 
clase,  microperthite,  and  quartz.  Other  slides  from  the  vicinity  of  Loon 
lake  show  in  addition  biotite,  titanite,  allanite,  and  pyrite.  The  rock  is 
essentially  composed  of  microperthite,  augite,  and  hypersthene,  with 
quartz  always  present  in  varying  and  commonly  slight  amount. 

Zircon  and  apatite  are  very  sparingly  present,  are  the  only  constit- 
uents with  idiomorphic  boundaries,  and  occur  in  the  usual  microscopic 
crystals  as  the  earliest  crystallization  from  the  magma. 

Magnetite  is  only  in  slight  amount  in  irregular  grains. 

Allanite  and  titanite  are  found  in  only  one  of  the  slides  and  in  only 
minute  quantity.  The  titanite  is  of  deep  orange-brown  color,  like  that 
in  the  pyroxene-granulites  found  associated  with  the  magnetites  of  the 
Adirondacks.  But  two  small  fragments  of  allanite  occur,  so  that  itj^ 
diagnosis  is  perhaps  not  beyond  question,  though  the  optical  properties 
agree  wholly  with  those  of  that  mineral. 
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Garnet  occurs  onl}'  sporadically  and  is  not  idiomorphic,  but  appears 
in  reaction-rim  fashion  between  the  magnetite  and  feldspar,  sending  out 
tongues  into  the  latter  mineral. 

Of  the  pyroxenes,  both  hypersthene  and  augite  are  present,  the  latter 
usually  predominating.  Parallel  growths  of  the  two  frequently  occur, 
often  of  repeated  fine  lamellae,  the  contact  faces  being  as  usual.  Other 
growths  appear  also,  and  sometimes  one  mineral  is  found  wholly  in- 
cluded in  the  other,  each  appearing  in  that  condition.  Their  boundaries 
are  never  idiomorphic,  but  always  irregular  and  more  or  less  rounded. 

The  hypersthene  is  quite  typical,  except  that  the  prismatic  cleavage 
is  more  pronounced  than  the  pinacoidal.  The  augite  recalls  diallage  in 
sionie  respects,  but  the  pinacoidal  cleavage  is  absent  or  but  poorly 
developed.  The  color  is  green,  with  a  very  slight  pleochroism  in  the 
thicker  slides,  ft  having  a  yellowish  tinge.  The  ordinary  color  is  very 
similar  to  the  green  of  the  hypersthene.  Besides  the  prismatic  cleavages 
there  is  a  well  developed  parting  i)arallel  to  the  base.  The  extinction 
angle  is  between  45  and  50  degrees. 

In  the  rock  immediately  under  discussion  hornblende  is  found  in 
very  slight  quantity,  though  elsewhere  present  in  considerable  amount. 
Like  the  ])yroxene,  it  appears  in  irregular  grains,  though  sometimes  there 
is  an  approximation  to  idiomorphic  outlines.  The  absorption  and  ple- 
ochroism are  very  strong,  a  being  pale  yellowish,  ft  deep  brown,  and 
r  dark  green,  with  ft>c>a.  The  ft  color  is  very  like  the  brown  of  the 
hiotite,  which  also  occurs  sparsely  in  the  more  hornblendic  rocks. 

The  feldspar  is  almost  wholly  microperthite.  A  few  grains  of  plagio- 
chise  always  appear  and  invariably  extinguish  nearly  parallel  to  the 
trace  of  the  albite  twinning  lamella?.  The  greatest  departure  from 
parallelism  in  any  of  the  slides  was  7  degrees.  In  no  other  ciuse  does  it 
reach  4  degrees.  These  fragments  must  therefore  be  referred  to  oligo- 
cljise.  The  chemical  analysis  shows  that  the  plagioclase  present  must, 
iis  a  whole,  be  considerably  more  acid  than  normal  oligoclase  and  nearer 
to  albite. 

The  feldspars  are  very  fresh.  They  contain  a  small  amount  of  cloudy, 
dust-like  inclusions,  and  also  include  the  zircon,  apatite,  titanfte,  and 
-^mall  augites,  these  latter  being  exceptional  and  idiomorphic.  They  also 
include  small,  idiomorphic  or  else  rounded  quartzes,  as  determined  by 
Becke's  method. 

Orthoclase  is  only  present  as  a  constituent  of  the  microperthite. 
There  is  no  indication  of  zonal  structure — that  is,  microperthite  with 
oligoclase  cores — as  in  the  similar  rock  described  by  vSmyth  from  Diana.* 

*f.  H.  Smyth,  Jr.:  This  Hull.,  vol.  «5,  pp.  271-271. 
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Quartz  occurs  only  sparingly  in  this  rock,  though  very  qua^tzo^e 
phases  appear  elsewhere  in  the  I^oon  Lake  vicinity.  It  is  mainly  in 
rather  large,  elongated,  cylindrical  individuals.  The  elongation  seems 
to  he  efl'ected  rather  by  solution  and  recrysUdlization  than  by  crushin^r. 
The  individuals  are  either  entire  or  made  up  of  but  few  fragments,  ami 
the  fine  granulation  which  must  have  been  produced  by  the  crushinjr 
process  is  nowhere  in  evidence.  In  the  quartzose  varieties  the  ferro- 
magnesian  silicates  recede  with  disappearance  of  the  foliation,  its  ph\ee 
being  taken  by  a  linear  structure  produced  by  the  elongated  quartzes. 

Some  quartz  is  also  found  as  inclusions  in  the  feldspar,  sometimes 
rather  numerously  and  with  a  tendency  to  micrograph ic  growths.  There 
is  also  a  small  amount  of  interstitial  quartz  and  orthoclase,  which  seems 
secondary. 

Structure  op  the  Rocks 

These  rocks  have  a  cataclastic  structure.  In  the  gneissoid  rock,  from 
the  third  cut  the  granulation  is  pretty  complete,  but  even  there  occa- 
sional larger  nuclei  remain  and  show  undulatory  extinction.  In  tlie 
coai'ser  rock,  from  the  first  cut  many  such  large  fragments  are  fouml, 
constituting  more  than  half  the  rock.  The  Diana  rock  shows  the  struc- 
ture even  better.  Precisely  the  same  variations  in  degree  of  granuhition 
are  to  be  found  that  the  anorthosites  exhibit,  except  for  the  lack  of  the 
very  coarse  varieties  in  the  syenite,  such  as  make  up  a  considerable  part 
of  the  anorthosite,  but  this  is  regarded  as  an  original  difference.  In 
addition  to  the  cataclastic  structure,  the  rock  is  nearly  everywliere 
foliated. 

(/HEMic'AL  Analyses 

TABLE  OF  ANALYSES 

These  syenites  are  so  variable  in  mineral  content  and  their  field  rela- 
tions to- other  rocks,  which  on  the  one  hand  are  much  more  acid  and  on 
the  other  more  biusic,  and  into  which  they  apparently  grade,  are  yet  so 
uncertain  that  a  large  amount  of  chemical  work  will  be  necessarj^  in  order 
to  fully  elucidate  the  problems  suggested.  Only  a  beginning  has  been 
made  in  this,  which,  however,  suffices  to  show  the  character  of  the  typit"*^ 
rock  and  to  permit  of  a  certain  amount  of  discussion  and  comparison 
with  other  svenites. 
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Specific  j^ravity  of  number  I  is  2.717  at  20°  centigrade. 

I.  Augite-syenite  (akerite),  Loon  lake,  New  York.     Analysis  by  E.  W.  Morley.f 

II.  Augite-syenite  (akerite)  from  Diana,  New  York.  Description  and  analynis 
^»y  0.  H.  Smyth,  Jr.,  in  this  Bulletin,  vol.  vi,  pp.  271-274. 

III.  Syenite,  mount  Ascutney,  Vermont.  Petrographical  data  by  R.  A.  Daly, 
analysis  by  L.  G.  Eakins,  in  U.  S.  Geological  Survey  Bulletin  no.  148,  p.  68. 

I V.  Akerite,  Gloucester,  Massacluisetts.  Description  and  analysis  by  IL  S.  Wash- 
ington, in  Journal  of  Geology,  vol.  vi,  p.  79S. 

V.  Akerite,  between  Thinghoud  and  Fjelebua,  Norway.  Analysis  by  Mauxelius, 
flewription  by  Brogger,  in  Zeitschrift  fiir  Krystallographie,  vol.  xvi,  p.  46,  1890. 

VI.  Syenite,  Silver  Clifl',  Golora<lo.  Description  by  Whitman  Cross,  analysis  by 
Ia  (i.  hlakins,  in  17th  Annual  Report,  U.  S.  Geological  Survey,  part  ii,  p.  281. 

VI L  Bauatite,  Farsund,  Norway.  Description  and  analysis  by  Carl  Fred.  Kol- 
(Icrup,  Bergens  Museums  Aarl)og,  1896,  p.  213. 

DiscrssiON 

The  Ix)on  Lake  rock  rcolumn  I)  is  composed  of  microperthite,  augite, 
hypersthene,  and  quartz,  with  a  little  magnetite  and  oligoclase,  and  such 
f^mn]]  amounts  of  apatite  and  zircon  that  they  in  no  way  affect  the  totals. 
With  this  comparatively  simple  make-up  it  would  seem  an  easy  matter 
to  calculate  the  composition  of  the  rock.  It  soon  appears,  however,  that 
the  augite  must  be  peculiar,  and  that  a  wholly  satisfactory  calculation 
can  not  be  made  until  it  has  been  analyzed.  It  must  be  either  very  rich 
in  iron  or  alumina,  or  both,  or  else  contain  considerable  alkali,  but  its 
optical  characters  are  not  those  of  any  known  alkaline  pyroxene.  Further, 
the  available  analyses  of  aluminous  augites  show  that  a  high  alumina 
percentage  usually  implies  a  large  content  of  ferric  iron,  which  is  mani- 

•  In<»lu<i«»H  F,  o.(w  :  CI,  o.ori ;  Fi-J^g,  0.07. 

ITIu'  KreHt  ohtigntionx  of  tlie  writer  to  ProfcHsnr  Morley  for  this  aimlvfiis  ar**  gratefnll}'  nrkriowl- 
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festly  impossible  here.  The  onl}'  way  of  interpreting  the  analysis  that 
suggests  itself  to  the  writer  is  to  assume  that  the  augite  is  essentially  a 
lime,  ferrous-iron,  alumina  silicate,  unusually  high  in  the  last  name<i 
oxide. 
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This  result  agrees  quite  well  with  that  obtained  by  separation  with 
heavy  solutions,  and  can  not  be  far  from  the  actual  composition  of  the 
rock.  As  it  stands,  the  j)lagioclase  is  albite,  Ab,g  An^,  and  the  micro- 
perthite  is  approximately  Orj  Ab^.  The  plagioclase  is  in  all  probability 
not  quite  so  acid  as  this  would  imply,  as  the  augite  undoubted h"  contains' 
a  little  soda,  whicli  would  displace  some  of  the  lime  calculated  in  that 
mineral,  and  both  lower  the  albite  and  raise  the  anorthite  i)ercentage. 
It  is  thought  that  this  change  is  only  slight,  not  materially  affecting  the 
calculation. 

The  agreement  between  analyses  I  and  II  is  exceedingly  close.  The 
Diana  rock  is  even  more  feldspathic  than  that  from  Ijoon  lake,  which 
{vccounts  for  the  increased  silica  and  diminished  lime  and  magnesia  of 
the  former;  but  the  rock  at  Loon  lake  is  quite  variable,  and  specimens 
could  be  selected  which  would  tally  almost  exactly  witli  the  Diana 
analysis.     No  doubt  also  the  converse  is  true. 

Of  the  other  availal)le  published  analyses  of  American  syenites,  the 
two  which  stand  nearest  the  Adirondack  rock  are  quoted  in  columns  111 
and  IV  of  the  table.  Of  the  Mount  Ascutney  syenite,  no  published  petro- 
graphic  description  is  available.*  A  hand  specimen  and  slide  in  the 
writer's  possession  show  a  green  feldspathic  rock  very  similar  to  that 

*  Dr  Daly  piirtioipnted  in  the  dimMiHsion  fullowiiig  tlu'  rending  of  tho  paper  before  the  Society, 
i^tnting  that  the  rehitionn  of  tlio  rocks  of  mount  Ascutney  hml  been  ciirefuHy  worked  out  and  «''f'^ 
in  proparation  for  publication,  and  empha<iizing  tho  sinv.Iarity  of  the  Loon  Lake  rock. 
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from  r^on  lake  except  for  its  freedom  from  metamorpbism.  Hyper- 
sthene  is  lacking,  and  there  is  rather  a  predominance  of  hornblende  over 
augite,  which  latter  is  colorless  instead  of  green.  Chemically  it  is  closer 
to  the  rock  from  Diana  than  to  that  from  Loon  lake,  but  is  lower  in 
lime  and  magnesia  than  either.     The  agreement  is,  however,  very  close. 

Likewise  the  syenite  from  Essex  county,  Massachusetts,  just  described 
anew  by  Mr.  H.  S.  Washington, shows  great  similarity  with  the  preceding.* 
It  lacks  hypersthene,  and  the  augite  is  like  that  in  the  Mount  Ascutney 
rock.  The  specimen  analyzed  is  more  acid  than  the  Adirondack  rock, 
with  lower  alumina,  higher  iron,  and  slightly  lower  alkalies,  with  the 
]>otash  somewhat  in  excess  of  the  soda.  These  differences  are  all  slight, 
and  of  the  essential  identity  of  the  rocks  there  can  be  no  question.  As 
?t}Ue<l  by  Washington  for  the  Massachusetts  rock,  all  belong  to  the  variety 
of  augite-syenite  called  "  akerite  "  by  Brogger  and  the  "  akerite  type  "  by 
Rogenbusch — in  other  words,  are  quartzose  augite-syenites.  The  analysis 
quoted  by  Washington  of  an  akerite  from  Norway  (column  V)  is  ap- 
jiended,  though,  as  stated  by  him,  it  is  an  acid  representative  of  the 
group.  Furthermore,  it  is  unusually  low  in  lime,  much  more  so  even 
than  the  Mount  Ascutney  rock.  The  analyses  bring  out  clearly  the  con- 
siderable variation  to  which  these  rocks  are  subject.  Not  improbably 
they  could  all  be  duplicated  in  each  locality. 

All  the  rocks  represented  in  the  first  five  analyses  are  (|uartz-syenites 
and  quite  acid  representatives  of  the  syenite  group,  approaching  the 
acidity  of  granites.  Column  Vf  gives  an  analysis  of  a  more  normal 
.syenite,  introduced  merely  to  emphasize  the  departure  of  the  others 
from  the  ordinary  type. 

Banatite  is  the  name  given  by  Brogger  to  rocks  of  the  monzonite 
group  (orthoclase-plagioclase  rocks)  which  range  between  62  and  67  per 
cent  of  silica.  The  analysis  (column  VIl)  will  indicate  the  differences 
between  them  and  these  akerite-syenites,  namely,  the  higher  amount  of 
lime  and  magnesia  and  lower  alkalies.  Rocks  of  the  monzonite  group 
are  widely  exposed  in  western  Norway,  a  petrographical  province  which 
lias  manv  features  in  common  with  the  Adirondacks,  in  close  associa- 
tion  with  rocks  of  the  gabbro  group,  anorthosites,  no  rites,  and  so  on. 
They  have  recently  been  exhaustively  investigated  by  Kolderup,t  and 
will  be  reverted  to  later. 

Geologic  Age 

Quite  fortunately  the  exposures  in  the  railroad  cuts  near  Loon  lake 
furnish  data  for  a  rough  determination  of  the  age  of  the  syenite.     For 

•Jour.  Geology,  vol.  vi,  pp.  790-798. 
tBergens  Museums  ARr()og,  1H'.»6,  no.  V. 
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a  long  period  before  the  deposition  of  tlie  Potsdam  sandstone  the  Adiron- 
dack region  was  above  sealevel,  so  that  none  but  igneous  rocks  arefoumi 
representing  the  time  interval  between  the  Potsdam  and  the  only  older 
sedimentary  formation  known  in  the  district,  the  crystalline  limestones 
and  associated  quartzites  and  gneisses.  These  latter  are  evidently  tht 
equivalents  of  the  Grenville  series  of  Canada.  The  syenites  are  younger 
than  the  Grenville  rocks,  for  they  cut  or  include  them,  as  already  noted. 
On  the  other  hand,  they  are  older  than  the  youngest  of  the  pre- Potsdam 
rocks,  the  diabases,  for  they  are  cut  by  them.  In  the  first  cut,  100  rods 
south  of  the  de])ot  at  Loon  lake,  the  syenite  is  traversed  by  a  diabase 
dike  3  feet  wide. 

These  diabases  have  not  been  metamorphosed,  whereas  the  syenites 
have  suffered  change  of  such  a  character  as  to  indicate  that  during  the 
j)rocess  they  were  deeply  enough  buried  beneath  dei>o8its  since  erode<l 
away  to  be  in  the  zone  of  flow,  si)  that  a  long  time  interval  must  lie 
between  the  two.  In  addition  to  these  syenites,  the  gabbro  rocks  and 
certain  granites  are  hiter  than  the  Grenville  rocks  and  much  older  than 
the  diabases.  The  relationships  of  the  gabbros,  syenites,  and  granites 
to  one  another  will  be  reverted  to  later.  It  should  be  stated  that  they 
are  older  than  the  Essex  county,  Massachusetts,  rocks,  which  cut  liower 
Cambrian  strata,  according  to  Sears,*  and  are  likely  older  than  the 
Mount  Ascutney  syenite  as  well. 

Adikondack  Syenite  Arkas 
loon  lake 

The  Loon  Lake  syenite  belt  is  quite  extensive,  having  a  length  ot 
nearly  20  miles  and  a  breadth  of  10,  though  of  irregular  shape.  These 
figures  are  advanced  with  some  hesitation  on  account  of  the  difficulty 
of  recognizing  the  rock  in  ordinary  exposures,  especially  toward  the 
periphery  of  the  belt.  It  is  only  in  recent  cuts  that  fresh  material  is  to 
be  obtained.  In  ordinary  outcroj)S  a  rusty,  brown  gneiss  prevails,  which 
may  or  may  not  show  greenish,  less  weathered  nodules  when  broken. 
The  much  elongated  character  of  the  quartz  augen  often  shows  character- 
istically in  these  weathered  rocks,  and  considerable  dependence  has  been 
placed  upon  it  as  a  criterion  for  their  recognition ;  but  this  is  only  of 
avail  in  the  more  acid  phases,  whereas  the  fresh  rocks  are  found  to  pii^?' 
into  varieties  in  which  the  ferromagnesian  silicates  become  more  promi- 
nent and  quartz  recedes.  Weathered  rocks  of  this  type  have  a  wide 
range.     They  are  finer  grained  and  better  foliated  than  the  type  and, 

♦.I.  H.  Sears:  IJunetin  Essex  Institute,  vol.  XXII,  189t). 
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when  weathered,  are  absolutely  not  to  be  distinguished  from  other  rocks 
uf  apparently  quite  different  relationships. 

A  variation  is  also  shown  in  the  opposite  direction.  Belts  of  very 
acid,  red  granitic  gneisses  consisting  essentially  of  niicroperthite  and 
quartz,  with  or  without  hornblende  and  augite,  occur  in  the  syenite- 
l^neisses  and  seem  to  grade  into  them.  For  the  most  part  they  differ 
j,'reatly  in  appearance  from  the  usual  granitic  gneisses  of  the  Adiron- 
(lacks,  being  of  coarse  grain,  with  the  quartz  in  the  much  elongated  form 
in  which  it  is  found  in  the  syenite-gneiss.  These  rocks  are  not  so  well 
shown  in  the  Loon  I^ke  belt  as  in  others  to  be  mentioned.  The  seem- 
ing gradation  of  the  one  into  the  other,  the  identity  of  the  hornblende 
and  augite,  when  they  occur,  in  the  two  rocks,  and  the  peculiar  type  of 
quartz  are  the  reasons  for  assuming  a  near  relationship  to  one  another. 

SALMOX  RIVER 

A  smaller  belt  of  syenite-gneiss,  some  6  miles  long  and  2  miles  broad, 
runs  from  a  i)oint  about  7  miles  south  of  Malone  down  into  Duane  town- 
ship. It  is  cut  through  by  the  Salmon  river  and  the  rocks  well  ex- 
posed, especially  at  Chasm  falls.  The  fresh  green  gneisses  are  quite  like 
tliose  at  Jjoon  lake;  but  red  gneisses  make  up  a  more  considerable  part 
of  the  exposures  here,  and  in  part  the  color  is  produced  by  weathering, 
instead  of  indicating  a  more  acid  rock.  As  a  whole,  hornblende  is  more 
prominent  and  pyroxenes  less  so  in  this  belt,  but  no  other  differences 
appear  and  the  identity  of  the  rocks  is  beyond  question.  The  only 
doubt  is  in  regard  to  their  areal  extent,  as  they  fade  out  into  other  rocks 
through  puzzling  intermediate  phases. 

DIAXA 

According  to  Smyth  the  Diana  syenite  belt  is  from  15  to  20  miles  long 
and  2  to  4  broad,  with  very  indefinite  limits  on  all  sides  but  the  north.* 
To  the  south  patches  of  it  appear  frequently  in  the  midst  of  gneiss,  into 
which  it  seems  to  blend,  although  the  relation  is  obscure.  Irruptive 
contacts  with  the  limestones  of  the  Grenville  series  are  well  shown,  es- 
l^ccially  at  Bonaparte  lake.  Professor  Smyth  writes  me  that  he  has 
found  no  other  large  area  of  this  rock  in  the  western  and  southern 
Adirondacks,  though  occasional  small  patches  occur,  with  a  wide  range 
in  distribution.j 

Moryr  defiance 

Professor  Kemp  has  called  my  attention  to  the  probable  identity  of 

•c.  H.  Smyth,  Jr. ;  This  BuU.,  vol.  vi,  pp.  .i71-'74. 

tAo  ext4>Dded  description  of  the  Diana  belt  will  Im*  foiiitd  In  Prufi'SHor  Smyth's  forthcoming 
r'iH;rt  in  the  I7th  Ann.  Hop.  State  Geologist  of  New  York. 
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the  rock  which  constitutes  mount  Defiance,  near  Fort  Ticonderoga,  with 
these  syenites,  and  inspection  of  his  specimens  and  slides  fully  confirms 
the  suggestion.  Here  also  hornblende  is  more  prominent  than  at  Loou 
lake,  but  the  characteristic  augite  i»  also  consjucuous.  Allanite  occu^^ 
here  likewise.* 

Bia  TUPPER  LAKE 

Rocks  which  are  at  least  in  part  to  be  classed  with  these  augite-syenites 
are  excellently  exposed  alon^  the  shores  of  Big  Tupper  lake  and  extend 
widely  to  the  north  and  east.  They  are  closely  involved  with  red  gra- 
nitic gneisses  which  equal  them  in  extent  and  into  which  they  grade. 
Together  with  these  are  other  granites,  of  whose  relations  nothing  can 
be  said,  as  no  contacts  have  been  seen. 

Relationship  to  the  Anorthosites 

The  main  interest  attaching  to  the  Tupper  Lake  syenite  lies  in  the 
evidence  it  may  be  expected  to  furnish  concerning  the  relations  of  the 
syenites  to  the  anorthosites.  A  large  area  of  anorthosite  in  southern 
Franklin  county,  in  the  heart  of  which  the  Saranac  lakes  lie,  is  sur- 
rounded by  the  Tupper  Lake  syenite  on  the  south  and  west. 

It  may  be  said,  in  the  first  place,  that  the  syenite  cannot  differ  greatly 
in  age  from  the  anorthosite,  having  been  intruded  into  the  Gren  ville  rocks 
and  subsequently  metamorphosed  under  the  same.conditions  as  to  load, 
as  shown  by  the  character  of  the  metamorphism.  Again,  their  areal  dis- 
tribution indicates  consanguinity.  Further,  the  identity  of  many  of  the 
minerals  in  them  and  in  the  granitic  gneisses  as  well  combines  to  render 
it  strongly  probable  that  all  have  resulted  from  a  common  magma. 

With  such  ideas  in  mind,  a  series  of  traverses  were  attempted  from 
one  to  the  other,  which  were  unsatisfactory,  owing  to  a  lack  of  outcrops 
at  the  more  crucial  points.  In  some  cases  a  blending  of  one  rock  into 
the  other  seems  apparent  in  the  field.  The  anorthosite  becomes  much 
crushed  and  very  gneissoid  near  the  peripheral  parts  of  the  mass,  the 
blue  labradorite-augen  showing  constant  decrease  in  number  and  eventu- 
ally disappearing  entirely.  When  fresh  these  crushed  rocks  are  mucli 
like  the  syenite  in  color  and  appearance,  and  weather  into  brown  gneisses 
the  exact  counterparts  of  the  weathered  syenites,  so  that  it  is  impossible 
to  tell  when  the  passage  from  one  rock  to  the  other  is  made,  but  the  thin- 
sections  do  not  wholly  bear  out  the  idea  of  such  a  blending.  Anortho- 
sites are  found  which  contain  both  orthoclase  and  quartz,  denoting  an 


♦J.  V.  Kemp  :  Rep.  SUite  (ifol.  N.  Y.  1»M,  pt.  i,  p.  4u2. 
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approach  toward  the  syenite,  but  no  strictly  intermediate  varieties  are 
yet  forthcoming. 

In  other  places  the  passage  from  one  rock  to  the  other  is  quite  abrupt, 
with  no  sign  of  blending.  Un fortunately'  no  contacts  have  been  noted; 
30  that  there  is  nothing  to  show  vvhicli  rock  is  the  older.  In  two  or  three 
iiii^tances  what  seem  to  be  small  inclosures  of  unmistakable  anorthosite 
in  the  syenite  have  been  noted,  but  in  each  the  latter  is  far  from  fresh 
and  there  is  some  question  of  its  identity. 

The  fact  that  areas  of  each  are  found  wholly  apart  from  any  trace  of 
tlie  other  is  good  evidence  for  the  separate  nature  of  the  intrusions ;  nor 
is  there  any  reason  why  differentiation  should  not  have  taken  place  for 
the  most  part  before  the  intrusion  of  either,  and  yet  that  a  further  differ- 
entiation of  local  character  should  not  also  take  place  in  parts  of  the 
anorthosite  after  reaching  their  present  resting  place  and  while  yet  un- 
cooled. 

Similar  Petrographic  Provinces 

CANADA  yORTH  OF  MO y TUBAL 


The  rocks  of  the  Adirondacks  are  most  naturally  compared  with  those 
of  Canada  to  the  north,  being  separated  from  them  by  a  comparatively 
narrow  belt  of  Paleozoic  rocks,  beneath  which  the  two  are  undoubtedly 
continuous.  That  rocks  con-esponding  to  these  syenite-gneisses  are 
present  there  is  undoubted,  though  as  yet  no  attempt  has  been  made  to 
tiifferentiate  them  from  the  other  gneisses  of  the  region.  This  is  not  sur- 
prising, considering  the  difficulty  of  the  task  and  the  nature  of  the  country 
to  be  explored. 

Adams  has  described  the  Saint  Jerome  anorthosite  as 

'*  Surrounded  by  a  zone  of  rocks  of  varied  character,  many  of  which  strongly 
rfeemble  the  anorthosite  in  appearance,  but  are  quite  different  in  composition," 
Hml  which  '*  consists  chiefly  of  rocks  which,  in  addition  to  augite  and  plagioclase, 
<'onUiin  variable  amounts  of  hornblende,  orthoclasc,  and  quartz,  and  which  are 
tliuH  intermediate  in  character  between  the  gneiss  and  the  anorthosite,  some  of  the 
many  varieties  represented  approaching  more  nearly  to  gneiss  and  others  more 
nearly  to  anorthosite  in  character  and  composition."* 

He  expresses  the  opinion  also  that  the  zone  is  to  be  regarded  as  a 
peculiar  border  fiicies  of  the  anorthosite.  If  this  be  the  true  explanation 
and  the  writer  is  correct  in  his  correlation,  the  area  furnishes  evidence  of 
the  passage  of  one  rock  into  the  other  of  much  more  decisive  character 
than  any  yet  forthcoming  in  the  Adirondacks. 

♦  F.  IK  Adarnt* :  Geol.  Surv.  Can.,  Ann.  Kep.,  vol.  viii,  l«yO,  pt.  J,  p.  121.  I 
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In  the  same  report  a  number  of  pyroxenic  gneisses  are  described  as  of 
doubtful  origin,  and  some  of  them  may  belong  here,  though  the  majorily 
of  them  are  clearly  referable  to  Adirondack  types,  which  have  nothing 
to  do  with  the  rocks  under  discussion* 

There  are  further  described  from  many  localities  granitic  gneisses  with 
elongated  quartzes,  **leaf  gneisses,"  which  seem  in  part  identical  with 
those  which  appear  in  the  Adirondacks  associated  with  the  syenite 
gneisses  as  apparent  extreme  phases  of  the  magmatic  differentiation, 

LAKE  SlPEJilOJi 

• 

Though  the  geological  record  preserved  in  the  rocks  of  the  Upper  I^ke 
region  is  a  much  more  complicated  and  complete  one  than  that  to  be 
read  in  the  Adirondacks,  still  there  is  a  close  parallelism  in  the  eruptive 
rocks  of  the  two  districts,  as  has  frequently  been  urged  by  N.  H.  Wiu- 
chell.  Similar  syenitic  rocks  also  occur  there  with  the  same  close  rela- 
tionship to  the  gabbros,  so  far  as  can  be  told  from  the  descriptions,  and 
have  been  described  by  Wadsworth  and  others. 

yOR  W'A  Y 

Kolderuphas  recently  described  exhaustively  a  most  interesting  series 
of  rocks  which  occur  in  the  vicinity  of  Ekersund  and  Soggendal,  in  west- 
ern Norway. t  Unlike  the  other  two  Norwegian  anorthosite  arejis,  tlii^^ 
one  has  not  suffered  regional  metaraor[)lusm,  so  that  the  field  relations 
are  exceptionally  clear.  He  shows  that  the  original  magma  of  the  d\^' 
trict  has  produced  by  differentiation  anorthosite,  norite  and  quartz- 
norite,  and  the  various  members  of  the  monzonite  group  (orthocl:u«e- 
|)lagioclase  rocks),  monzonite,  banatite,  adamellite,  and  granite.  The 
order  of  appearance,  according  to  Kolderup,  was  first  anorthosite,  then 
norite  and  monzonite,  later  adamellite  and  granite,  and  finally  banatite, 
with  no  considerable  interval  of  time  between  any  but  the  first  and  sec- 
ond. I.»ast  of  all  and  considerably  later  are  dikes  of  diabase  and  augite 
granite.  All  these  rocks  agree  closely  in  their  mineralogy  with  the  Adi- 
rondack eruptives. 

Sequence  of  EauFrioNs  in  the  Adirondacks 

It  is  yet  too  early  to  attempt  any  complete  discussion  of  the  Adirou- 
lack  igneous  rocks,  and,  owing  to  the  excessive  regional  metamorphism, 
it  is  an  exceedingly  difficult  problem  to  work  out  the  details  of  their 


< 


•  Ibid.,  pp.  G7-82. 

fCurl  Fred.  Kolderup:  Ihvn  Lubradorfols  (iebjet  bei  Ekfrsuinl  und  So^geiidul,  BtTgeiis  >bi- 
.scums  Aarbog,  IWMi. 
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history,  but  the  similarity  with  the  Norwegian  rocks  just  mentioned  is 
so  great  that  it  demands  notice.  The  anorthosites  are  common  to  both 
regions.  The  norites  and  quartz-norites  are  also  represented  in  the  Adi- 
rondacks,  partly  as  peripheral  phases  of  the  anorthosites  which  were 
undoubtedly  produced  by  differentiation  in  place,  and  partly  as  some- 
what later  eruptions  which  cut  the  anorthosites  and  also  the  older 
gneisses,  but  which  have  not  been  noted  cutting  the  syenite-gneisses. 
These  norites  grade  into  very  basic  ilmenite-noiites  and  into  quite  pure 
masses  of  ilmenite  in  both  regions. 

The  rocks  of  the  monzonite  group  are  represented  in  the  Adirondacks 
l>y  the  syenitic  and  granitic  gneisses  here  discussed.  These  rocks  have 
certainly  a  range  in  silica  percentage  sufficient  to  include  the  banatites, 
adamellites  and  granites  of  Ekersund-Soggendal,  and  as  far  as  can  be 
judged  from  thin-sections  the  more  basic  monzonite  end  of  the  series  is 
represented  as  well.  In  these  rocks  we  meet  the  first  considerable 
(liflFerence  in  the  two  districts.  The  Adirondack  rocks,  so  far  as  chem- 
ically studied,  run  too  low  in  iron,  magnesia  and  lime,  and  too  high  in 
alkalies  to  be  classed  in  the  monzonite  group  (see  analysis  VII  of  the 
table),  though  the  corresponding  mineralogic  difference  is  mainly  to  be 
seen  in  the  character  of  the  plagioclase,  which  is  oUgoclase  in  the  latter 
and  albite  in  the  former.  This  likely  points  to  some  slight  difference 
ill  the  composition  of  the  original  magma,  but  the  general  resemblance 
is  so  close  as  to  be  very  striking.  Finally,  in  both  regions  the  eruptive 
activity  closed  at  a  later  period  with  the  formation  of  diabase  dikes 
accompanied  by  more  acid  rocks,  syenite-porphyry  in  the  Adirondacks 
and  augite-granite  in  Norway. 

A  word  of  comparison  with  the  Essex  county,  Massachusetts,  petro- 
graphical  province  may  not  be  amiss.  The  igneous  rocks  of  the  latter, 
according  to  Sears,  consist  of  granites,  syenites,  and  quartz-syenites, 
nepheline-syenites,  essexites,  diorites,  and  gabbros,  all  of  which  are  cut 
l^y  numerous  dikes.*  Leaving  out  the  nepheline  rocks,  these  are  the 
same  types  as  occur  in  the  Adirondacks ;  hut  when  the  relative  pre- 
ponderance of  the  different  varieties  in  the  two  provinces  is  taken  into 
consideration  it  is  clear  that  the  original  magma  in  the  Adirondack 
reiiion  must  have  been  considerably  the  more  basic  of  the  two,  being 
lower  in  silicji  and  the  alkalies  and  higher  in  lime  and  magnesia; 
hence  the  prominence  of  gabbros  in  the  one  and  of  alkaline  syenites  in 
the  other.  Notwithstanding  this  considerable  difference,  some  almost 
identical  rock  types  appear  in  each  as  a  result  of  differentiation.  It  is 
of  interest  to  note  that  the  two  areas  present  almost  precisely  the  same 

♦J.  II.  Sears  in  RullotiQ  Effsex  Institute,  vol.  xxvii,  HR)5. 
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contrast  to  one  another  that  is  exhibited  by  the  Christiana  and  Ekersuiul- 
Soggendal  districts  of  Norway* 

Summary 

1.  A  quartz*augite  syenite  gneiss  near  Loon  lake  is  described  as  reganis 
its  field  relations  and  megascopic  and  microscopic  characters. 

2.  Chemical  analysis  shows  it  to  be  a  member  of  the  syenite  group 
and  an  acid  representative  of  the  variety  called  akerite  by  Brogger. 

3.  It  is  shown  to  be  nearly  related  to  the  anorthosites  in  age,  inas 
much  as  it  is  intrusive  in  the  Grenville  series,  but  much  older  than  the 
))re-Potsdam  diabases  of  the  region. 

4.  Other  Adirondack  localities  are  briefly  described,  and  the  rocic  is 
shown  to  vary  within  quite  wide  limits,  ranging  from  a  granite  to  syenites 
more  basic  than  the  one  analyzed. 

5.  The  relations  of  the  syenites  to  the  anorthosites  are  discussed,  show- 
ing a  lack  of  decisive  evidence,  but  indicating  that  syenites  are  in  pari 
a  result  of  differentiation  in  the  anorthosite  magma  after  reaching  its 
place  of  final  cooling  and  in  part  are  somewhat  later  in  date. 

6.  Comparison  is  made  with  the  similar  petrographic  provinces  of 
Canada  north  of  Montreal  and  of  Ekersund,  Norway,  followed  by  a  dis- 
cussion of  the  order  of  eruption  of  the  Adirondack  eruptives,  which  is 
anorthosites,  norites  and  diabasic  norites,  syenites,  and  granites,  followed 
later  by  diabases  and  syenite  porphyries. 

7.  A  brief  comparison  with  the  Es«ex  county,  Massachusetts,  province 
suggests  that  the  original  magmas  in  the  two  districts  were  quite  different. 
yet  another  instance  is  added  by  them  to  the  many  already  known  of 
vefy  similar  rocks  produced  by  the  differentiation  of  quite  dissimilar 
magmas. 


•  So«*  Kolfieriip.  lix'.  cit..  pp.  ljn-l»4. 
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Introduction 


Last  summer,  while  traveling  on  horseback  and  on  foot  through  the 
{southwestern  portion  of  the  Yukon  district  and  the  extreme  northwest- 
ern parts  of  British  Columbia,  many  opportunities  presented  themselves 
for  observing  glacial  phenomena- -opportunities  such  as  would  hardly 
occur  to  those  who  were  passing  through  the  same  country  in  boats  on 
some  of  the  many  streams  which  flow  along  the  bottoms  of  the  many 
deep  and  wide  valleys. 

Area  Traversed 

My  route  lay  to  the  west  of  the  Lewis  river,  on  and  in  the  vicinity  of 
what  is  generally  known  as  the  Dalton  trail — that  is,  up  the  valleys  of 
the  Chilcat  and  Klahina  or  Tlehini  rivers,  over  the  summit  of  the  Coast 
or  Chilcat  range,  and  down  a  wide  and  continuous  valley  which,  after 
being  occupied  in  succession  by  parts  of  several  streams,  forks,  the  easterly 
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portion  forming  the  valley  of  the  Nordenskiold  river,  which  joins  the 
Yukon  a  short  distance  above  Five-fingers  rapids,  while  the  westerly 
valley  passes  northward  by  Aishihik  lake  to  Nisling  river,  down  that 
river  to  White  river,  and  thence  down  the  White  to  the  point  where  it 
flows  into  the  Yukon  river. 

In  addition  to  the  trip  outlined,  a  short  time  was  spent  farther  north 
on  the  Klondike  river  and  its  tributaries. 

Physiographic  Features 

Toward  the  south  this  country  is  a  mass  of  steep,  rocky,  ungradeil 
mountains,  among  w^hich  tower  the  giant  peaks  of  Hubbard,  Vancouver, 
I^gan,  and  Saint  Elias.  These  mountains  lie  to  the  westward  of  the 
great  valley  of  the  Lynn  canal  and  Chilcat  river,  and  form  a  range  which 
would  appear  to  be  quite  distinct  from  the  granitic  "  Coast  range,"  which 
forms  the  western  wall  of  the  continent  farther  south,  in  both  Alaska 
and  British  Columbia.  In  order  to  distinguish  this  range  more  clearly, 
I  propose  for  it  the  name  "  Chilcat  range,"  associating  it  with  one  of  the 
most  powerful  tribes  of  Indians  on  the  Alaskan  coast. 

This  range  is  bounded  on  the  south  and  southwest  by  the  Pacific 
ocean  and  toward  the  north  and  northeast  by  the  great  Chilcat-Alsek 
valley,  which  extends  inland  from  the  western  arm  of  the  Lynn  canal, 
following  more  or  less  closely  the  line  of  contact  of  the  granite  to  the 
northeast  and  the  schists  and  limestones  to  the  southwest.  The  aver- 
age width  of  the  range  is  between  80  and  100  miles. 

Much  of  the  range  is  buried  in  extensive  snowfields,  from  which  gla- 
ciers radiate  in  all  directions,  both  toward  the  coast  and  toward  the  in- 
terior. A  magnificent  view  of  this  country  was  obtained  last  summer 
from  the  summit  of  Farview  mountain,  a  high  peak  southwest  of  Aishihik 
lake,  and  it  presented  the  appearance  of  a  vast  white  plain,  through  which 
the  higher  peaks  rose  in  dark  relief,  mount  Saint  Elias  appearing  for  a 
few  moments  from  beneath  the  clouds.  It  is  thus  avast  snow-clad  pla- 
teau, lying  close  to  the  Pacific  coast,  in  one  of  the  regions  of  gretita^t 
precipitation  on  the  American  continent. 

Farther  north  the  country  is  also  mountainous,  but  the  mountains  are 
much  more  rounded,  their  slopes  are  easier,  and  their  sides  show  com- 
paratively few  broken,  ungraded  cliffs.  As  a  rule,  they  rise  from  3,(XXl 
to  4,000  feet  above  the  bottoms  of  the  deeper  intervening  valleys.  Stand- 
ing on  one  of  the  summits,  a  great  number  of  similar  mountains  may  he 
seen  on  every  side,  all  about  the  same  height  and  probably  cut  out  of 
the  same  extensive  pre-Tertiary  peneplain. 

Lakes,  in  some  cases  of  large  size,  lie  in  the  bottoms  of  the  valleys; 
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but,  as  far  as  my  observations  went,  they  are  confined  exclusively  to 
those  parts  of  the  country  which  have  been  more  or  less  completely 
covered  by  glaciers  during  the  Pleistocene  epoch.  Beyond  the  limits  of 
the  glaciated  region  no  lakes  were  seen. 

Glacial  Features 
extent  of  the  snow  and  ice     ' 

While  the  Chilcat  mountains  are  almost  buried  in  snow  throughout 
the  year,  very  little  snow  is  to  be  seen  in  summer  on  this  "interior  pla- 
teau," and  any  small  glaciers  that  do  exist  are  in  some  of  the  higher 
mountains  close  to  the  Chilcat  range. 

Though  the  ice-fields  of  the  present  day  are  confined  almost  entirely 
to  the  Chilcat  mountains,  the  ice-fields  of  the  Glacial  period  were  much 
more  extensive,  for  they  spread  northward  as  far  as  Five-fingers  rapids 
on  the  Lewis  river  and  to  a  short  distance  beyond  Aishihik  lake  in  the 
Aishihik  valley.  The  northern  limit  of  glaciation  is  not  by  any  means 
an  approximately  straight  line,  for  it  indicates  the  lengths  to  which  the 
glaciers  filled  the  valleys  rather  than  the  even  margin  of  a  great  conflu- 
ent ice-sheet.  The  higher  mountains  rose  above  the  level  of  the  ice,  just 
as  they  do  at  the  present  time  in  the  Chilcat  range,  and  small  glaciers 
moved  down  their  sides  to  join  the  larger  glaciers  in  the  valleys. 

The  Chilcat-Alsek  valley  gives  a  beautiful  idea  of  the  former  depth  or 
thickness  of  the  ice.  The  bottom  of  the  valley  is  almost  flat,  and  the 
sides  rise  in  gentle  willow-covered  slopes  for  2,000  feet  or  more  to  the 
foot  of  the  ungraded  rocky  peaks  on  either  hand.  Rock  is  everywhere 
exposed  above  this  line,  while  below  it  rock  exposures  are  comparatively 
rare,  and  the  country  is  underlain  by  a  loose  unassorted  till,  on  which 
willows  and  dwarf  birches  grow  in  dense  thickets.  As  seen  from  the 
bottom  of  the  valley,  the  upper  limit  of  the  willow-covered  slope  forms 
a  fairly  regular  line  along  the  sides  of  the  mountains,  and  indicates  ap- 
proximately the  depth  to  which  the  ice-sheet  filled  the  valley,  a  depth 
which  here  varied  from  2,000  to  3,000  feet.  Above  this  line  the  higher 
mountains  rise  in  broken,  jagged  peaks,  while  any  lower  mountains 
which  do  not  rise  above  the  level  of  the  top  of  the  till  have  their  sum- 
mit* evenly  rounded  and  unbroken. 

THE   TILL 

The  till  which  fills  the  bottom  of  this  valley,  often  to  depths  of  100 
feet  or  more,  is  a  mass  of  unassorted  material,  in  part  local  and  in  part 
derived   from  a  distance.     It  contains  pebbles  and  boulders,  usually 
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more  or  leas  rounded  in  ^hape,  some  of  which  are  striated  while  the 
great  majority  are  smooth  and  without  glacial  markings.  In  general 
character  it  is  very  similar  to  the  till  which  underlies  so  much  of  the 
plains  of  northwestern  Canada  between  the  edge  of  the  Archean  nucleu:3 
and  the  Rocky  mountains.  Similar  till  was  found  to  underlie  the  bottoms 
and  sides  of  most  of  the  valleys  everywhere  throughout  the  glaciated 
area  in  the  Yukon  district,  having  evidently  been  formed  as  a  ground 
moraine  beneath  the  great  sheets  of  ice. 

STRTA  TION 

striated  rock  surfaces  were  not  very  often  seen,  for  where  the  rock  is 
exposed  it  has  usually  become  rough  through  weathering,  but  they  were 
recognized  in  a  few  places  on  the  interior  plateau,  and  in  every  instance 
they  indicated  a  direction  of  ice-movement  motion  from  the  coast  towanl 
the  interior  or  essentially  simply  a  wider  extension  of  the  glacial  con- 
ditions which  exist  in  the  region  at  the  present  time.  In  this  extension 
toward  the  interior  the  ice  for  the  most  part  followed  the  great  valleys 
which  trench  the  surface  of  the  country  in  a  general  north-and-south 
direction,  and  therefore  the  movement  of  the  ice  was  generally  north- 
ward. 

Close  to  the  coast  the  glaciers  flowed  seaward  and  filled  the  many 
deep  valleys  which  descend  from  the  mountains  to  the  Pacific  ocean. 
In  the  Skagway  valley  the  White  Pass  railroad  while  constructing  its 
line  has  cut  a  notch  along  a  rocky  hillside  which  has  been  beautifully 
.smoothed  and  scored  by  such  a  glacier. 

MORAINES 

Lateral  moraines  occasionally  form  conspicuous  features  along  the 
sides  of  the  mountains,  often  running  as  long,  narrow  lines  of  boulders 
or  transported  material,  swaying  slightly  up  and  down  with  the  irregu- 
larities of  the  surface,  and  in  places  running  into  water-worn  terraces 
where  some  small  stream  has  thrown  its  load  of  gravel  against  the  side 
of  the  glacier.  A  very  well  marked  moraine  of  this  character  extends 
along  the  west  side  of  the  valley  of  Aishihik  lake  at  about  1,500  feet 
above  the  water.  It  is  a  fairly  regular  ridge  of  boulders,  along  the  crest 
of  which,  in  some  places,  runs  the  horse  trail  from  Fort  Selkirk  south- 
ward to  Pyramid  harbor.  Above  it  the  surface  of  the  mountain  con- 
sists of  a  fairly  even,  regular  incline  of  decomposed  rock,  while  below 
it  is  a  till-covered  8loj)e,  often  broken  into  very  lumpy,  irregular  hilK 
Lateral  moraines  were  aLso  traced  down  the  side  of  a  deep  valley  north- 
west of  Aishihik  lake  as  well  as  in  some  other  places. 
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Terminal  moraines  were  recognized  in  a  few  places,  but  they  scarcely 
formed  as  conspicuous  features  as  one  would  have  been  inclined  to  ex- 
pect. From  lake  Aishihik  north w^ard  for  about  12  miles  in  the  bottom 
of  the  valley  is  a  terminal  moraine  area,  represented  in  places  by  irreg- 
ular hills  of  boulders,  which  was  formed  at  the  foot  of  the  Aishihik  lobe 
of  the  great  ice-sheet  when  it  had  reached  its  extreme  northern  limit. 
The  low  stony  hills  east  of  the  Hoochi  lakes  represent  another  moraine, 
while  the  stony  hills  at  the  mouth  of  the  west  branch  of  Nordenskiold 
river  are  clearly  morainic  in  character ;  but  they  also  show  many  signs 
of  water  action,  and  merge  into  the  extensive  pitted  plain  or  terrace  which 
extends  along  the  banks  of  the  Lewis  river  from  the  mouth  of  the  Nor- 
denskiold to  Rink  rapids. 

TERRACES 

Tfie  classes, — The  terraces  occurring  in  this  region  are  of  two  kinds, 
namely,  streavi  terraces  and  lake  terraces. 

Stream  terraces. — Stream  terraces  have  chiefly  been  formed  by  torrential 
rivers,  loaded  with  detritus,  flowing  from  the  feet  of  the  glaciers,  and  are 
most  conspicuous  in  the  larger  valleys  beyond  the  limits  of  the  glaciated 
area,  as,  for  instance,  in  the  valleys  of  Lewis  and  Nisling  rivers ;  but  as  the 
glaciers  diminished  in  size  and  their  fronts  retired  up  the  valleys,  gravels 
and  sands  were  deposited  in  the  bottoms  of  the  valleys  which  had  pre- 
viously been  occupied  by  the  ice,  and  thus  terraces  were  formed  on  the 
low  lands  in  the  region  which  had  been  covered  with  glaciers. 

Lake  terraces. — Lake  terraces  are  confined  exclusively  to  the  glaciated 
area,  none  having  been  recognized  beyond  the  northern  limits  to  which 
the  vast  ice-sheets  of  the  Glacial  period  extended.  They  usually  consist  of 
fine  sand,  silt,  or  rock  flour,  which  is  often  of  whitish  color  and  commonly 
has  the  appearance  of  the  finer  material  carried  down  into  bodies  of  quiet 
water  by  glacial  streams.  These  terraces  sometimes  extend  2,00()  feet  or 
more  up  the  sides  of  the  mountains,  especially  in  wider  parts  of  some  of 
the  great  valleys  which  traverse  the  country.  Such  terraces  are  beauti- 
fully shown  on  the  sides  of  the  mountains  around  lake  Dezedeash. 
There  can  be  no  doubt  that  the  outlets  to  the  valley  were  filled  with  ice, 
and  that  the  deep  lake  which  existed  here,  around  the  shores  of  which 
the  terraces  of  white  silt  were  formed,  was  in  part  walled  in  by  the  fronts 
of  tjlaciers. 

Similar  terraces  were  seen  in  many  other  places,  and  often  several 
would  descend  in  regular  series,  until  it  was  difficult  to  distinguish  the 
lowest  from  the  higher  and  finer  of  the  stream  terraces.  It  is  confidently 
Wieved,  however,  that  all  the  white  silt  terraces  in  that  portion  of  the 
Yukon  district  examined  were  formed  in  ice-dammed  lakes  and  furnish 
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no  evidence  whatev^  of  marine  conditions  or  of  recent  submergence  of 
the  land.  Any  regularity  in  height  of  the  highest  terraces  is  easily  ac- 
counted for  by  the  moderMely  regular  average  thickness  of  the  ice-gheet 
when  the  lakes  were  in  existence. 

IN  THE  DA  WSON  DISTRICT 

As  small  glaciers  now  exist  in  the  valleys  of  the  mountains  north  of 
the  Chilcat  range,  so  small  glaciers  formerly  existed  in  some  of  the 
mountain  valleys  north  of  the  main  ice-sheet  of  the  Glacial  period. 
Such  glaciers  existed  in  the  valleys  of  Eldorado  and  Bonanza  creeks, 
near  Dawson,  and  flowed  down  these  valleys  at  least  to  some  point  below 
the  confluence  of  the  two  creeks.  Beautiful  glacial  striae  were  seen  on 
the  hard  quartzose  rocks  at  the  mouth  of  Big  Skookum  gulch,  on  the  west 
side  of  Bonanza  creek,  which  had  been  made  by  this  glacier,  furnishing 
indisputable  evidence  of  its  presence.  A  lateral  moraine  of  this  glacier, 
often  containing  pebbles  and  small  boulders  of  distinct  glacial  shape?, 
extends  along  the  side  of  the  valley  from  150  to  200  feet  above  the  creek. 
and  in  it  are  some  of  the  rich  bench  claims  on  Eldorado  hill  and  at 
French  gulch,  and  the  sand  and  gravel  in  the  bottom  of  the  valley  is 
well  rounded,  but  roughly  assorted  material,  such  as  is  constantly 
washed  down  and  distributed  by  glacial  streams. 
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Introduction 


The  base  of  the  Paleozoic  and  of  the  Cambrian  has  been  placed  at  the 
lowest  known  limit  of  the  Olenellus  fauna,  all  clastic  rocks  beneath 
being  referred  to  the  Algonkian,*  a  name  given  to  the  period  embracing 
the  time  of  the  deposition  of  those  clastic  rocks  which  are  older  than 
the  Cambrian.f     The  base  of  the  Algonkian  is  the  lowest  of  the  recoL'- 


♦  Bull.  U.  S.  (icol.  Survoy,  no.  81,  1891,  p.  3fi2. 

t  Tenth  Ann.  Report  U.  S.  Cieol.  Survey,  1890,  p.  66. 
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nizahle  clastic  rocks.  This  base  is  easily  recognized  beneath  the  Belt 
series  of  rocks  in  Montana,  in  the  Grand  Canyon  region  of  Arizona,  in 
portions  of  the  T^ake  Superior  region,  and  in  eastern  Newfoundland,  as 
there  are  great  unconformities  between  the  Algonkian  and  the  Archean, 
above  which  the  clastic  rocks  are  clearly  defined.  In  other  regions, 
however,  the  delimitation  of  the  Algonkian  and  the  Archean  is  very 
difficult.  The  basal  plain  of  the  Algonkian  is  obscured  by  volcanic 
rocks  which,  with  the  elastics,  have  been  so  altered  and  folded  that  it 
is  practically  impossible  to  differentiate  them  from  the  fundamental 
Archean  complex.  Frequently  areas  of  rocks  are  met  which  can  not 
with  certainty  be  placed  either  with  the  Algonkian  or  with  the  Archean. 
The  difficulty  of  defining  in  all  areas  the  exact  line  of  separation  between 
the  Algonkian  and  the  Archean  is  not  peculiar  to  this  horizon,  as  interme- 
diate beds  are  to  be  found  between  the  Algonkian  and  the  Cambrian, 
the  Cambrian  and  the  Ordovician,  and  so  on. 

Under  the  definition  that  all  elastics  older  than  the  Cambrian  are  to  be 
included  in  the  Algonkian,  the  rocks  of  the  Belt  terrane  of  Montana, 
the  Grand  Canyon  series  of  Arizona,  the  Llano  series  of  Texas,  and 
the  Avalon  terrane  of  Newfoundland  are  all  clearly  Algonkian. 

Geological  Notes 
belt  terrane 

Literature  of  the  subject. — Dr  F.  V.  Hayden  first  described,  in  1860,  the 
strata  now  referred  to  the  Belt  terrane.*  In  his  Fifth  and  Sixth  An- 
nual Reports  of  Progress  f  he  refers  the  same  formation  to  the  I^wer 
Silurian  as  a  portion  of  the  "  Potsdam  "  series,  considering  them  an  un- 
c(»nformable  downward  extension  of  the  Paleozoic  series. 

The  Belt  rocks  were  also  described  and  partial  sections  given  by  Grin- 
nell  and  Dana,  in  1875,  from  the  vicinity  of  Fort  Logan  and  White 
Sulphur  Springs.J  Later,  when  reporting  the  results  of  Dr  A.  C.  Peale's 
field  work,  Dx-Hayden  refers  to  the  *'  East  Gallatin  group  "  §  as  a  name 
given  by  Dr  Peale  to  the  slates,  sandstones,  and  impure  limestones  '^ 
heneath  the  fossiliferous  Cambrian  rocks.  Again,  in  the  same  connec- 
tion, reference  is  made  by  him  to  the  East  Gallatin  group  as  probably 
middle  Cambrian. || 


*  F.xplonitioa  of  the  Yellowstone  an<l  Mi««oiiri  river«,  18G0,  p.  91. 

tProliminary  Report  U.  8.  Geol.  Survey,  Montiinft,  l«7i,  p.  14() ;  Sixth  Ann.  Report  V.  S.  (ieol. 
^nvrpy  of  the  Territories,  187.3,  pp.  72,  73. 

t  Keoonnaissance  from  Camll,  Montana,  to  Yellowstone  Park,  V.  S.  War  Dept.,  Washington, 
IfiTf.,  p.  116. 

i  Sixth  Ann.  Report  U.  S.  Geol.  Survey,  ISHTu  p.  .'»0. 
fVventh  Ann.  Report  U.  S.  Geol.  Survey,  1888,  p.  Hn. 
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Dr  J.  S.  Newberry  crossed  the  Belt  mountains  in  1883  and  noted  the 
Cambrian  (?)  slates,  which  he  correlated  with  the  strata  cut  by  Prickly 
Pear  canyon  on  the  west  side  of  the  Missouri  river,  also  with  the  forma- 
tion beneath  the  "  Potsdam  "  in  the  Wasatch  mountains  near  Salt  Lake 
City  and  in  the  canyon  of  the  Colorado.* 

In  1886  Professor  W.  M.  Davis  described  the  Belt  Mountain  rocks  a.s 
**a  vast  series  of  lower  Cambrian  barren  slates,  at  least  10,000  to  15/KX) 
feet  thick  at  many  points."  His  sections  show  the  fossiliferous  Cambrian 
beds  conformable  to  the  Belt  Mountain  slates.f  Subsequently  Dr  A.  C. 
Peale  described  the  "  Belt  formation  "  as  it  occurs  near  Three  Forks, 
Montana,!  the  same  formation  that  he  had  called  the  East  Gallatin 
group  in  1884,§  when  a  thickness  of  2,300  feet  was  carefully  measured 
and  the  series  considered  to  be  of  Cambrian  age.  Dr  Peale  in  1893 
tentatively  referred  the  Belt  formation  to  the  Algonkian  on  account  of 
the  absence  of  any  fossil  remains,  the  metamorphosed  condition  of  the 
Belt  rocks,  and  the  existence  of  the  unconformity  between  the  Cam- 
brian Flathead  quartzite  and  the  Belt  beds  below.  This  unconformity 
he  considered  as  one  caused  by  subsidence.     He  states :  || 

"There  is  no  doubt  that  after  the  Belt  formation  was  deposited  there  was  an 
orographic  movement  by  which  the  Archean  area  of  nearly  the  entire  region  rei>- 
resented  on  our  map  south  of  the  Gallatin  and  Three  Forks  waa  submerged  ju;?t 
prior  to  the  beginning  of  the  Cambrian,  before  the  Flathead  quartzite  was  depos- 
ited. Whether  this  movement  occurred  immediately  after  the  laying  down  of  the 
Belt  beds  or  after  an  interval  is  of  course  the  question  to  be  decided,  and  tbe  de- 
cision can  not  be  positively  reached  with  the  meager  data  now  at  hand.  I  am  in- 
clined to  think  that  the  subsidence  of  the  Archean  continent  (or  possibly  island)^) 
began  with  the  first  accumulation  of  the  sediments  that  formed  the  lower  portion 
of  these  beds  and  was  coincident  with  their  deposition  throughout  the  entire 
j>eriod.  It  may  have  been  succeeded  by  an  emergence  of  the  land  area  for  a  brief 
period,  but  the  probability  is  that  the  inteiruption  to  the  downward  movement, 
if  it  occurred,  was  slight.  Next,  the  widespread  pre-Cambrian  subsidence  prececi- 
ing  the  formation  of  the  Flathead  quartzite  took  place,  and  the  Cambrian  sea  c<»v- 
ered  large  areas  that  had  hitherto  been  above  tlnj  sealevel.  There  is  a  niarke<i 
difference  in  the  character  of  the  beds  of  the  two  groups.  Little,  if  any,  indura- 
tion is  seen  in  the  Flathead  formation,  while  the  Beit  beds  are  so  altered  in  most 
cases  as  to  resemble  closely  the  metamorphic  crystalline  rocks  which  underlie 
them,  and  from  the  breaking  down  of  which  they  were  derived.  Notwithstanding 
the  metamorphism,  there  is  no  mistaking  their  sedimentary  character." 

In  1896  Dr  Peale,  in  describing  the  Belt  formation,  says: 

**  It  is  possible  that  fiirther  investigation  may  result  in  the  reference  of  this  for- 

♦Ann.  Report  N.  Y.  Academy  of  Science,  vol.  Ill,  18«4,  p.  249. 

t  Tenth  Census,  vol.  XV,  Mining  Industries,  1886,  pp.  097,  700,  702. 

X  Bull.  U.  a.  Geol.  Survey,  no.  llo,  1893,  pp.  16-20. 

I  Sixth  Ann.  Report  U.  8.  Geol.  Survey,  1885,  p.  50. 

I]  Bull.  U.  8.  Geol.  Survey,  no.  110, 1893,  p.  19. 
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niation  to  the  lower  part  of  the  Camhrian.     At  present,  however,  it  is  referred 
provisionally  to  the  Algonkian.*'  * 

When  summing  up  the  results  of  the  study  of  the  Montana  Algonkian 
rocks.  Professor  C.  R.  Van  Hise  says :  f 

"There  is  also  in  this  region,  as  shown  by  the  work  of  Davis  and  Peale,  a  great 
wries  of  unaltered  strata  which  are  probably  Algonkian.  This  series  is  a  down- 
ward Buccession  of  barren  states  below  the  fossiliferous  Cambrian,  and,  if  Algonkian, 
in  the  uppermost  division  and  equivalent  to  the  upper  Algonkian  of  the  Wasatch. 
Peale's  results  indicate  that  while  there  is  no  actual  unconformity,  there  isa  change 
of  physical  conditions,  a  subsidence,  and  perhaps  a  real  time  break  between  the 
Cambrian  and  Algonkian.  Nowhere  yet  have  the  unaltered  barren  slates  and  the 
more  crystalline  series  of  clastic  origin  been  found  in  contact.  Between  the  slates 
and  the  Archean  gneisses  is  a  great  unconformity,  and  there  is  little  doubt,  when 
the  unaltered  series  is  carried  over  to  the  vertical  limestones,  quartzites,  and  quartz- 
schists  that  it  will  be  found  to  rest  upon  them  unconformably.  There  is,  then,  in 
this  region  probably  two  series  of  Algonkian  rocks — one  almost  completely  unal- 
tered, tlie  other  thoroughly  crystalline,  and  both  of  great  thickness." 

Brief  reference  is  made  to  the  Belt  beds  by  Messrs  Iddings  and  M'eed 
in  1894,J  where  they  are  provisionally  assigned  to  the  Algonkian.  In 
1896  Messrs  Weed  and  Pirsson  described  with  considerable  detail  the 
Belt  rocks  as  they  occur  in  the  Castle  Mountain  mining  district  of  Mon- 
tana, noting  the  various  formations  of  which  the  terrane  is  there  com- 
posed and  showing  the  areal  distribution  on  a  geological  map  of  the 
district.     In  this  work  the  authors  referred  them  to  the  Algonkian.  § 

In  the  Little  Belt  Mountain  folio  of  the  Geologic  Atlas  of  the  United 
States,  now  in  press,  Mr  W.  H.  Weed  separates  the  basal  quartzite  of  the 
Belt  formation  as  the  Neihart  quartzite,  the  upper  portions  of  the  series 
heing  mapped  as  the  Belt  shale  formations  of  the  Algonkian ;  the  various 
formations  composing  this  group  are  described  in  the  text. 

Anthor^s  investigations, — During  the  summer  of  1895  I  drove  from 
Xeihart  t^)  Townsend  with  Mr  Weed,  crossing  the  Little  Belt  and  Big 
Belt  mountains.  The  observations  thus  made  led  me  to  visit  the  region 
a^ain  in  1898  and  make  a  general  study  of  the  pre-Cambrian  rocks  of  the 
Hi<r  and  Little  Belt  mountains  and  of  the  exposures  of  the  Prickly  Pear 
Valley  area  northwest  and  southeast  of  Helena.  A  visit  was  also  made 
to  the  section  on  the  Gallatin  river,  and  special  attention  was  given  to 
the  study  of  the  relations  of  the  Flathead  Cambrian  sandstones  to  the 
subjacent  Belt  formations.    In  part  of  the  latter  work  I  was  accompanied 


•Geologic  Atlfts  of  the  U.  8.,  Three  Forks  folio,  1896,  p.  2  of  text. 
t  Bull.  IT.  S.  Geol.  Survey,  no.  86,  1892,  p.  286. 
J^Oeologic  Atlas  of  the  IJ.  8.,  Living.oton  folio,  1894,  p.  2  of  text. 
§  Bull.  U.  S.  Geol.  Survey,  no.  139, 1896,  pp.  26  and  .32  et  seq. 
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by  Mr  Leon  S.  Griswold,  who  was  assisting  Mr  Weed  in  mapping  the 
areal  geology  about  Helena. 

The  results  of  my  investigations  were  the  discovery  of  a  great  stniii- 
graphic  unconformity  between  the  Cambrian  and  the  Belt  formations: 
that  the  Belt  terrane  was  divisible  into  several  formations,  and  that 
fossils  occurred  in  the  Greyson  shales  nearly  7,000  feet  beneath  the  high- 
est beds  of  the  Belt  terrane. 

The  rocks  of  the  Belt  terrane  are  widely  distributed  in  central  Mon- 
tana, the  best  sections  being  exposed  in  the  Big  Belt  and  Little  Ikli 
mountains,  in  Meagher  and  BroadwateiLCounties.  They  e;ctend  to  the 
north  in  Cascade,  to  the  west  in  Lewis  and  Clarke  and  Jefferson  counties, 
and  to  the  south  in  Gallatin,  Park,  and  Sweetwater  counties,  in  all  cover- 
ing a  known  area  of  more  than  6,000  square  miles.  Throughout  tliis 
area  the  Cambrian  rocks  rest  unconformablv  on  different  members  com- 
posing  the  Belt  terrane.  The  general  outline  of  the  areal  distribution 
of  the  Belt  rocks  is  shown  on  the  accompanying  sketch  map,  figure  1, 
prepared  from  data  furnished  by  Mr  W.  H.  Weed. 

The  principal  members  of  the  Belt  terrane  are  as  follows : 

Marsh  shales 300  feet. 

Helena  limestone 2,400 

Empire  shales 600 

Spokane  shales 1,500 

Greyson  shales 3,000 

Newland  limestone 2,000 

Chamberlain  shales 1,500 

Neihart  quartzite  and  sandstone 700 


ft 

ti 
<( 
it 
(i 

ti 


12,000  feet. 

Neihart  quartzite  and  sandstone. — In  this  formation  are  included  the 
reddish,  coarse  sandstones,  WMth  interbedded  dark  greenish  layers  of  fine 
grained  sandstone  and  shale,  beneath  the  Chamberlain  shales.  The 
lower  400  feet  of  the  formation  is  a  massive,  sometimes  cross-beiUleil 
quartzite,  which,  in  some  of  its  members,  where  unaltered,  is  a  compact, 
hard  sandstone.  The  prevailing  color  is  pinkish  gray  on  the  freshly 
exposed  surface,  with  dark  and  iron-stained  weathered  surface.  Occa- 
sional layers  of  a  fine  conglomerate  occur  in  some  portions  neiir  the 
contact  with  the  gneiss. 

This  formation  was  named  by  Mr.  Weed  from  its  occurrence  at  the 
type  locality  on  Neihart  mountain,  where  the  quartzite  and  sandstones 
are  in  contact  with  the  gneiss,  and  dip  to  the  southeast,  crossing  Beit 
creek  and  passing  beneath  the  superjacent  formation  in  the  canyons  ol 
Sawmill  and  Chamberlain  creeks. 

The  thickness  of  the  formation,  as  measured  by  Mr  Weed,  is  700  feet. 
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PiorBE  1. — Digtribution  of  B fit  Terranc  in  Montana  as  shoirn  hu  shmUii  Areas. 
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Chamberlain  shales. — This  formation  is  composed  of  a  series  of  dark 
silicious  and  in  places  arenaceous  shales.  Ripple-marks,  mud-flows,  and 
sun-cracks  were  occasionally  seen,  but  no  traces  of  life  were  observt^i. 
The  dark  shales  frequently  form  low  cliffs  along  the  canj^on  side,  near 
the  beds  of  the  streams. 

The  typical  localities  are  on  the  ridges  between  Chamberlain  and  iSaw- 
mill  creeks,  southeast  of  Neihart.     Estimated  thickness,  1,500  feet. 

Newland  limesione.-r- At  the  typical  locality  on  Newland  creek  the  lime- 
stones are  thin  bedded,  the  layers  averaging  from  2  to  6  inches,  with  sluily 
partings  of  variable  thickness  between  them.  In  the  section  in  Sawruill 
canyon,  near  Neihart,  the  layers  are  somewhat  thicker,  more  impure,  anl 
with  a  greater  number  of  beds  of  interbedded  shale.  The  prevailing  color 
of  the  limestone  is  dark  bluish-gray  on  fresh  fracture,  and  buff  to  s^traw 
color  on  the  weathered  surface.  The  limestones  are  hard,  many  of  the 
layers  breaking  with  a  conchoidal  fracture,  and  some  of  the  purer  por- 
tions give  off  a  bituminous  odor  when  crushed  with  the  hammer.  The 
thickness  of  the  formation  is  estimated  at  2,000  feet.  A  careful  search 
at  several  localities  failed  to  bring  to  light  any  traces  of  fossils. 

The  typical  localities  of  the  Newland  limestone  are  on  Newland  creek, 
10  miles  north  of  White  Sulphur  springs,  and  on  Sawmill  creek,  4  miks 
south  of  Neihart. 

Oreyson  shales, — Dark  colored,  coarse,  silicious  and  arenaceous  shal*^. 
passing  above  into  bluish-gray,  almost  fissile  shales,  which  when  broken 
up  weather  to  a  light  gray  fissile  shale,  resembling  a  poor  qualit}'  oi 
porcelain.  These  in  turn  are  succeeded  by  dark  gray  silicious  and  are- 
naceous shales,  with  interbedded  bands  of  buff-colored  sandy  shales  ana 
occasional  layers  of  hard,  compact,  greenish  gray  and  drab  silicious  rock. 
At  the  base  of  this  series,  in  Deep  Creek  canyon,  a  belt  of  quartzites  oc- 
cui-s,  interbedded  with  shales,  the  base  of  the  quartzites  showing  10  feel 
of  interformational  conglomerates,  composed  of  sand  and  pebbles  up  to 
8  inches  in  diameter,  and  derived  from  the  subjacent  Belt  rocks. 

The  conglomerates  and  the  quartzites  are  about  100  feet  in  thicknei-s. 
This  local  deposit  does  not  occur  at  the  same  relative  horizon  in  the  Saw- 
mill Creek  section,  near  Neihart. 

Fossils  were  found  in  the  lower  part  of  this  series  in  Sawmill  canyon 
and  near  the  mouth  of  Deep  Creek  canyon,  just  above  Glenwood  post- 
ofHce.  They  include  numerous  ivQ.i\s,  HelniinthoicUchnilesf  neihariem^, 
II.  ?  spiralis,  H.  vieeki,  Planuliies  corrugatiis,  P.  siiperbv^^  and  many  frag- 
ments of  crustaceans  referred  to  the  Merostoma.  Only  one  form,  Belthni 
d(tnai,  is  named. 

The  typical  section  is  on  the  side  of  the  ridge  between  Greyson  and 
Deei)  creeks,  where  the  estimated  thickness  is  3,000  feet. 
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Spokane  shales. — The  Spokane  shales  occur  as  massive  beds  of  silicious 
aiul  arenaceous  shales  of  a  deep-red  color.  The  arenaceous  shaly  por- 
tions frequently  thicken  up  into  thin  layers  of  sandstone.  The  shales 
lireak  down  on  exposure,  but  they  are  usually  sufficiently  firm  to  resist 
erosion  and  form  strongly  marked  slopes  and  cliffs.  In  nearly  all  of  the 
contacts  between  the  Belt  terrane  and  the  Cambrian  they  form  the  upper 
member  of  the  Belt ;  in  but  one  case  known  to  me  do  the  subjacent  Grey- 
Bon  shales  come  into  contact  with  the  Cambrian  sandstones;  this  is  on 
Helt  and  O'Brien  creeks,  near  Neihart.  In  some  localities,  as  at  Sawmill 
canyon,  there  is  but  acorn [)aratively  thin  band  of  the  Spokane  shales  be- 
tween the  Greyson  shales  and  the  Cambrian. 

The  most  characteristic  locality  of  these  shales  is  in  the  Spokane  hills, 
IT)  miles  east  of  Helena,  although  the  base  of  the  formation  is  not  there 
exposed.  The  estimated  thickness  of  the  Spokane  shales  in  Whites 
canyon,  10  miles  east  of  the  Spokane  hills,  is  1,500  feet. 

Empire  shales, — These  are  greenish  gray,  massively  bedded,  banded, 
silicious  shales,  forming  the  basal  portitm  of  the  formation  above  the 
granite  in  the  vicinity  of  Empire  and  at  Marysville.  They  are  finely 
exjK)sed  in  the  Drum.Lummon  mine,  at  Marysville,  and  along  the  ridge 
north  of  Empire,  between  Lost  Horse  gulch  and  Prickly  Pear  creek., 

Ilie  type  localities  are  on  the  ridge  north  of  Empire  and  in  the  canyon 
walla  just  below  Marysville.     The  estimated  thickness  is  600  feet. 

Helena  limestone. — The  Helena  limestone  formation  is  composed  of 
more  or  less  impure  bluish  gray  and  gray  limestone,  in  thick  layers, 
which  weathers  to  a  buff  and  in  many  places  to  a  light  gray  color.  Irregu- 
lar bands  of  broken  oolitic  and  concretionary  limestone  occur  at  various 
horizons.  Bands  of  dark  and  gray  silicious  shale  and  greenish  and  pur- 
plish argillaceous  shale  are  interbedded  in  the  limestones.  These  bands 
are  from  half  an  inch  to  several  feet  in  thickness.  There  are  also  beds 
of  thinner  bedded  limestones,  especially  toward  the  top  of  the  formation. 
Tiie  name  "  Helena  limestone  "  is  given  on  account  of  the  occurrence 
of  the  limestone  in  the  upper  part  of  the  city  of  Helena  and  on  the  hill 
slopes  to  the  east,  where  the  estimated  thickness  is  2,400  feet. 

Marsh  shales. — At  Helena  there  is  a  thickness  of  about  250  feet  of  shales 
and  thin  bedded  sandstones  of  the  Belt  terrane  above  the  Helena  lime- 
atone  and  beneath  the  Cambrian  sandstones.  The  same  bed,  on  the  north 
j'ide  of  Mount  Helena,  is  reduced  to  75  feet  in  thickness,  but  to  the  north- 
west the  formation  increases  in  thickness  to  800  feet  or  more.  The  reddish 
"hales  are  prominent  on  Greenhorn  mountain  and  beyond  to  the  canyon 
f>f  Little  Prickly  Pear  creek,  and  also  to  the  north  at  Marsh  creek.  On 
the  ridge  between  the  two  creeks  there  is  an  excellent  section,  and  the 
name  *'  Marsh  shales  "  is  given  to  this,  the  topmost  formation  of  the 

XXXI—Butt.  Gbol.  Soc.  Am.,  Vol.  10,  1898 
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Belt  terrane.  The  estimated  tliickness  of  the  formation  in  the  tyj-e 
locality  is  300  feet. 

The  only  section  of  the  Belt  terrane  measured  in  detail  is  that  stixlied 
by  Mr  Weed  on  Belt  creek,  near  Neihart.  It  is  less  than  half  the  thick- 
ness of  the  section  in  the  Big  Belt  mountains  and  westward  to  Hekm. 
The  formation  names  have  been  inserted  in  Mr  Weed's  section  as  nearly 
as  I  could  determine  the  horizons  by  comparison  with  other  sections. 

Section  of  the  Belt  ten-one. — This  section,  which  is  exposed  on  Belt  cretk. 
south  of  Neihart,  Montana,  and  from  which  the  measurements  were  made, 
is  as  follows : 

Cambrian:  Fet-t    J-i 

Cambrian  sandstone,  dark  red,  containing  white  pebbles  with 
quite  ferruginous  matrix ;  only  40  feet  exposed,  the  be*l  occur- 
ring in  the  creek  channel  a  quarter  of  a  mile  below  the  forks 
of  the  stream 100 

m 

Planb  of  unconformity. 

Spokane  shalks  : 

Red  shales 200 

Red  shalefi— laminated,  brittle,  and  quite  hard 10 

^  210 

Grkyson  shales: 

Shales  generally  gray,  rarely  exposed,  and  forming  densely 
wooded  slopes 700 

Gray  sericitic  shale,  locally  disturbed  by  a  horizontal  sheet  of 
minette 170 

Shales  exposed  in  wall  on  west  side  of  canyon ;  thinly  bedded 
slaty  shales  carrying  limestone  and  fossils  in  the  shaly  slates, 
2  miles  to  the  southeast 60 

No  exposure 25 

Newland  limestone: 

Massive,  block-jointed  limestones,  blue  on  fresh  fracture  and 

weathering  an  earthy  brown ;  dip,  20  degrees  south 15 

Calcareous  shales  and  thinly  bedded  limestone;  beds  hidden 

by  talus 200 

Limestones  with  massive  outcrop,  blue  on  fresh  fracture,  weath- 
ering an  earthy  buff  color 00 

Slates  (minette  intrusion) 125 

Limestone,  fissile  and  slaty 18 

Massively  bedded  slate 15 

Impure  limestone 5 

Black  or  gray  slate  with  glistening  surface ;  dip,  30  degrees. ...  15 
Trachyte  intrusion,  which  disturbs  normal  dip  of  strata. 

Limestone  and  slate,  not  well  exposed 30 

Minette  sheet 0 
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Feet     Feet 

Limestones  and  shale 20 

Shales,  slaty,  in  part  indarated ;  dip,  20  degrees  south ;  strike, 

south  80  degrees  east lo 

81aty  shale,  gray  in  color  and  well  indurated —  30 

Limestone  in  3-foot  beds  of  dark  gray  color,  with  crystalline 

markings 8 


562 


Ch\mbeblain  shales: 

Gray  shale,  no  massive  exposure  was  seen  * 1,095 

Black  shale,  exposure  being  a  quarter  of  a  mile  below  a  western 

branch  of  the  creek 363 

Massively  bedded  black  shale ;  dip,  20  degrees  upstream 40 

No  exposure 190 

Black  shale 40 

Black  crumbly  shale ;  dip,  14  degrees 54 

Black  shales 229 

Thinly  bedded  and  fissile  quartzite 5 

Black  shale,  somewhat  slaty,  carrying  beds  of  green  quartzite. .  40 

Shale,  not  exposed 22 

N  KIM  ART  quartzite: 

Quartzite 2 

Mica(!eous  shale  with  fucoidal  markings,  resembling  Cambrian.  1 
Quartzite,  greenish  in  color,  occurring  in  beds  6  to  8  inches 

thick,  with  intervening  black  carbonaceous  shale 7 

No  exposure  95 

Shales,  micaceous,  dark  colored,  generally  green  and  carrying 

thinly  bedded  quartzites,  so  that  the  entire  series  might  be 

classed  as  quartzite 15 

No  exposure 170 

Green  micaceous  shale  in  micaceous  quartzite,  occurring  in  beds 

4  to  12  inches  in  thickness,  in  alternate  layers 8 

Micaceous  shales  resting  upon  basal  quartzites 104 

Quartzite  series,  forming  base  of  formation 300 


2,078 


702 


Total  section 4,607 

AGE  OF  CAMBRlAy  BEDS  RESTiyO  ON  BELT  TERRANE 

The  fauna  of  the  shales  and  limestones  immediately  above  the  Flat- 
head sandstone  is  of  middle  Cambrian  age,  and,  as  shown  in  a  number 
(►f  .sections,  the  fossils  in  the  lowest  horizons  belong  to  the  oldest  part  of 
tlie  middle  Cambrian  fauna,  as  the  latter  occurs  a  short  distance  above 
the  Olenellus  horizon  in  Utah  and  Nevada.  Near  Logan,  on  East  Gallatin 
river,  the  fauna  was  found  in  the  sandstone  about  25  feet  above  the  contact 
with  the  Belt  rocks.     The  Cambrian  sandstone  is  formed  of  beach  sand, 


*  Prottably  R  considerable  portion  of  this  should  be  included  in  Newland  limeRtono  series. 
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usually  washed  clean  by  the  sea  as  it  advanced  on  the  land,  not  a  saii'. 
of  river  and  tidal  deposition  mixed  with  mud,  such  as  forms  many  « • 
the  sandstones  of  the  Belt  terrane,  notably  those  of  the  Spokane  sha.r- 
formation. 

Absence  of  lower  Cambrian  rocks  and  fauna  is  accounted  for  bv  ti  - 
fact  that  that  portion  of  the  continent  now  covered  by  the  Belt  and  as-^- 
ciated  middle  and  upper  Cambrian  rocks  was  a  land  surface  durinc 
lower  Cambrian  time. 

UNCONFORMITY  BETWEEN  BELT  TERRANE  AND  CAMBRIAN 

Extent  and  character  of  recognized  contacts. — The  contact  of  the  Flaiht-a-l 
Cambrian  sandstones  with  the  rocks  of  the  Belt  terrane  maj'  be  observni 
along  a  great  extent  of  outcrop  on  the  eastern,  southern,  and  westerr 
sides  of  the  Little  Belt  and  Big  Belt  mountains.  Fully  200  miles  vr 
more  of  outcrop  may  be  followed,  along  which  frequent  contacts  may  W 
observed.  On  the  eastern  side,  in  the  vicinity  of  Neihart,  the  uncoi:- 
formity  l)etween  the  Cambrian  and  underlying  Belt  terrane  is  clearly 
evident,  though  the  angular  unconformity  is  generally  slight  and  has 
]>een  recognized  only  on  Sawmill  creek.  Four  miles  north  of  Neihart 
the  Cambrian  rests  on  a  nearly  level  surface  of  crystalline  schist'?. 
West  of  Neihart  it  rests  on  the  Neihart  quartzites.  On  O'Brien  creek,  a 
few  miles  southwest  of  the  town,  it  rests  on  black  shales  (Chamberlain 
shales),  of  which  ther^  is  less  than  300  feet  in  thickness  between  tlu 
Cambrian  and  the  top  of  the  Neihart  quartzite.  On  Chamberlain  creek 
and  upper  Belt  creek,  6  miles  southeast  of  Neihart,  the  Cambrian  rests 
on  the  Greyson  shales,  while  along  the  stage  road  up  Sawmill  creek  ir 
is  superimposed  on  the  red  Spokane  shales.  The  only  exposures  on  the 
eastern  slope  of  the  Little  Belt  range,  those  of  the  south  fork  of  the 
Judith,  show  the  Cambrian  resting  on  the  drab  Greyson  shales.  The-it 
are  the  only  instances  known  where  the  red  Spokane  shales  are  wiwtw^ 
beneath  the  Cambrian.  Whether  the  shoreline  conditions,  which  are 
known  to  have  existed  near  Neihart  during  the  period  when  the  W^ 
terrane  was  formed,  caused  a  wedging  out  of  the  beds  to  the  north,  s^o 
that  the  Cambrian  rests  on  different  horizons  at  this  locality,  or  whether 
pre-(]ambrian  erosion  was  extensive  enough  to  pare  down  the  exposed 
edges  of  the  beds,  is  not  certain  from  the  evidence,  though  the  htte^ 
view  seems  improbable.  Similar  conditions  prevailed  southward  in  the 
Bridger  range. 

In  the  north  end  of  the  Bridger  range,  east  of  Gallatin  valley,  the 
Cambrian  is  seen  resting  on  the  Belt  terrane,  which  at  this  locality  tioe- 
not  show  its  typical  development,  but  consists  largely  of  coarse  sand- 
stones and  grits  composed  of  Archean  debris.     In  the  south  end  of  ihi^ 
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'ange,  but  a  few  miles  distant  from  the  former  exposures,  the  Belt  terrane 

3  entirely  wanting,  and  the  Cambrian  rests  directly  on  the  Archeaii- 

ichidta,  as  it  does  at  Neihart,     The  character  of  the  Belt  beds  indiciites, 

moreover,  that  the  Cambrian  overlaps  ^     _  ^ 

Ihe  Belt  shoreline.     Forty  miles  south-  |  -'^  |  £  ^ 

p:uit  of  Neihart,  in  the  Deep  Creek  and  I,  ?  1. 1  2 

t  Ireyson  Creek  sections,  on  the  south-  f  =  E  c  " 

western  slope  of  the   Big  Belt  moun-  1 1  =  1^  | 

tains, the  Flathead  restsontheSpokane  g  "*!l.^l 

shales,  but  at  a  higher  horizon  than  at  jj  b  J  ^  • 

the  bead  of  Sawmill  canyon.     Twenty-  «  j  I  a  I 

two    miles    north  -  northeast   of   Deep  |  3  ^  3' S|   ^ 

(■reek,  in  Whites  canyon,  the  full  thick-  I.  g  f  s  |    '■ 

ness  of  the  Greyson  shale  and  also  about  I "  |  ^  ?    ", 

l.OOOfeet  of  the  Helena  limestone  occur  |'   |f«    ^ 

beneath  the  Cambrian  sandstones.  *  i  =  «  e   ^ 

Crossing  the  valley  of  the  Missouri  |  ^  §  ^   I 

river  from  Whites  canyon  directly  west-  -°     g|   ~ 

ward  10  miles  to  the  Spokane  hills,  on  -*     I  g    * 

the  west  side  of  the  river,  one  finds  a  *     p  |    e 

syncline  of  Cambrian  resting  directly  g     S  ^   I- 

on  the  red  Spokane  shales,     Continu-  |^    T  7   i- 

ing  westward  on  the  same  line  to  the  |     ^  |^  ^ 

city  of  Helena,  a  distance  of  14  miles,  |     f  ■*    I 

theCambriansandstonesare  found  rest-  ^i     gl    I 

ingonshales  250  feetabove  the  Helena  p,    ■£■!    5 

limestone,  or  fully  3,000  feet  above  the  t     |.'5    I 

contact  horizon  in  the  Spokane  hills.  ^     «  E   9 

Following  the  line  of  contact  to   the  I    5  *    ; 

southeast  fori  mile,  the  Cambrian  sand-  *     '^f.  | 

t^t'Hies  may  be  seen  resting  directly  on  -^     =■  5    s. 

ihe  massive  beds  of  the  Helena  lime-  t     |  i!   £ 

"tone,  a  slight  unconformity  occurring  d     5-  S^  ^ 

at  the  point  of  contact,  as  shown  by  2-     *  ^   I 

figures.    A  mile  farther  southeast  there  I"     |  ?^   '  b 

are  ()  feet  of  shale  above  the  limestone,  'j^j     &  =        3 

^iNlight  unconformity  being  shown  be-  '^     ?i       1: 

Iweeii  it  and  the  Cambrian.     The  sec-  f     5  i       iJ 

liim  east  from  Helena  extends  down-  =     *  ,*        I 

waril  through  some  2,000  feet  or  more  of  |     i  S       JS 

limratone  and  interbedded  shales  and  »     !»       I;,           -■             „ 

tevetal  hundred  feet  of  silicious,  green-  -^     %^-      ["|          '  ^         ^ 
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ish  slialea  before  reacluiit;  the  red  Spokane  shales,  which  underlie -i' 
Cambrian  in  the  Spokane  hills. 

The  relations  of  the  Cambrian  and  the  subjacent  Hell  terraiie  uii  .ij- 
1 1  ne  of  the  section  from  Helena  eastward  across  the  Spokane  bilk  to  :U 
Big  Belt  mountains  are  indicated  in  the  diagrammatic  section,  fijiu^- :: 

Northwest  of  Helena  the  contact  between  the  Cambrian  and  thefeii 
terrane  is  followed  to  the  crossing  of  Little  Prickly  Pear  creek.  6  mi!^ 
west  of  Marysville.  The  Helena  limestone  outcrops  all  along  tlie  lii.:. 
and  gulches,  and  at  Marysville  the  subjacent  Empire  shales  occur  I.- 
ueath  the  limestone.  West  of  the  Marysville  Canyon  area  the  silici.u. 
beds  dip  from  lOto  15  degrees  to  the  northwest  and  pass  above  intoth- 
Helena  limestone  series,  on  which  rest  the  Marr-h  shales.  Crossinp  <r.i-^- 
nortl.eaat,  to  the  Gates  of  the  Mountain,  on  the  Missouri,  18  iuil«  ivrl 
of  Helena,  one  finds  the  Cambrian  sandstones  resting-  on  the  ret!  I^pnkani: 
shales.  This  contact  is  again  well  shown  on  the  eastern  side  of  i!i- 
Misaouri  river,  on  the  road  to  Beaver  creek.    On  Beaver  creek  the  i-ani- 


'*■  ol  Ht'lpQii,  Munlann, 

brian  rests  directly  on  the  Spokane  shales,  which,  with  the  Grav^^.n 
sliales,  constitute  a  thickness  of  .several  thousand  feet  between  the  Ne"- 
tand  limestone  and  the  base  of  the  Cambrian. '  The  contact  at  il). 
crossnig  of  Soap  and  Trout  creeks,  to  the  northeast,  is  essentlallv  tli^ 
same  as  at  lieaver  creek  and  the  Spokane  hills,  although  there' i^  -^ 
variation  in  the  beds  of  the  Greyson,  which  come  in  contact  with  ibe 
Cambrian. 

At  most  of  the  outcrops  where  the  lower  beds  of  the  Flathead  (Cam- 
brian)  sandstones  come  in  contact  with  the  Belt  rocks  the  dip  and  strike 
of,  the  two  are  usually  conformable,  so  far  as  can  be  determined  by 
measarement.  Tins  holds  good  all  around  the  great  Belt  MounUin 
uplift.  It  is  only  when  the  contacts  are  examined  in  detail,  as  near 
Helena,  that  the  minor  unconformities  are  discovered  (figures  <f  aiiJ  f' 
and  only  when  comparisons  are  made  between  sections  at  some  distuiioe 
from  eacli  other  that  the  extent  of  the  unconformity  becomes  apparent 
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/Explanation  of  apparent  conformity. — The  reason  for  the  apparent  con- 
>rmity^  in  strike  and  dip  between  the  two  groups  appears  to  be  as  fol- 
r>'ws  :  In  pre-Cambrian  time  the  Belt  rocks  were  elevated  a  little  above 
lit?    sea,  and  at  the  same  time  were  slightly  folded,  so  as  to  form  low^ 
-i<1**^es.     One  of  these  ridges  is  now  the  base  of  the  Spokane  hills,  where 
he  Helena  limestone  and  the  upper  portion  of  the  Spokane  shales  were 
removed  by  erosion  in  pre-Cambrian  or  early  Cambrian  time.     Usually 
there  is  very  little,  if  any,  trace  of  this  pre-Cambrian  erosion  contained 
in    the  basal  sandstones  of  the  Cambrian.     On  Indian  creek,  however, 
west  of  Townsend,  which  is  on  the  strike  of  the  Spokane  Hills  uplift,  the 
hasal  bed  of  the  Cambrian  is  made  up  almost  entirely  of  fragments  of 
the  subjacent  Spokane  shales.     Fragments  of  these  shales  were  also  ob- 
served in  the  sandstones  of  the  Cambrian  in  the  Little  Belt  mountains 
near  Wolsey  postoffice.     These  illustrations  are  exceptional,  the  base  of 
the  Cambrian  sandstone  being  formed  usually  of  a  clean  sand,  such  as 
might  be  deposited  wliere  the  sea  was  transgressing  on  the  land. 

The  gentle  quaquaveraal  uplift  of  the  Belt  rocks  gave  them  a  slight  out- 
ward dip  toward  the  advancing  Cambrian  sea,  so  that  the  sediments  laid 
ilowii  on  the  Belt  rocks  were  almost  concentrically  conformable  to  them. 
Subsequent  orographic  movements  have  elevated  the  Belt  rocks  into 
mountain  ridges  and  have  tipped  back  and  in  many  instances  folded  the 
superjacent  Cambrian  rocks,  but  the  original  concentric  conformity  be- 
tween the  beds  of  the  two  series  remains  wherever  the  lines  of  outcrop 
are  at  right  angles  to  the  j)lane  of  erosion  of  the  Cambrian  sea  which  cut 
across  the  Belt  rocks  toward  the  center  of  uplift. 

Extent  of  unconformity.— The  extent  of  the  unconformity  between  the 
Belt  and  the  Cambrian  may  never  be  ascertained,  as  there  is  no  section 
known  where  the  sedimentation  is  wibroken  from  the  Belt  to  the  Cam- 
brian.   The  greatest  exam  pie  of  erosion  is  in  the  Spokane  hills,  where  the 
Helena  limestone,  with  its  superjacent  Marsh  and  subjacent  Empire 
shales,  has  been  removed  (figure  2,  page  211).     In  other  localities  the 
red  Spokane  shales  have  been  very  largely  removed,  but  some  of  these 
are  so  far  from  the  Spokane  Hills  section  that  it  may  be  urged  that  they 
were  not  originally  deposited  in  any  greater  thickness  than  is  shown  in 
the  sections.     The  unconformity  now  known  proves  that  in  late  Algon- 
kian  time  an  orographic  movement  raised  the  indurated  sediments  of 
the  Belt  terrane  above  sealevel,  that  folding  of  the  Belt  rocks  formed 
ridges  of  considerable  elevation,  and  that  areal  erosion  and  the  Can)brian 
sea  cut  away  in  places  from  3,000  to  4,000  feet  of  the  upper  formations 
of  the  Belt  terrane  before  the  sands  that  now  form  the  middle  Cambrian 
^indstones  were  deposited. 
I  think  that  an  unconformity  to  the  extent  indicate<l  is  sufficient  to 
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xplain  the  absence  of  lower  Cambrian  rocks  and  fossils  and  to  warrant 
mr  placing  the  Belt  terrane  in  the  pre-Cambrian  Aljjonkian  system  of 
ormations. 

ORAyD  CANYON  rEliliANES 

Composition  and  character. — The  Algonkian  formations  composing  the 
Cirand  Canyon  series  of  Arizona  differ  materially,  in  the  order  of  their 
succession,  from  the  Belt  series  of  formations ;  but  the  sedimentation  is 
strikingly  similar  in  many  of  the  beds,  especially  those  of  the  Chuar 
terrane.  These  embrace  limestones,  shales,  and  interbedded  sandstones, 
which  are  of  the  same  type  lithologically  as  those  of  the  Belt  terrane  in 
the  Little  Belt  and  Big  Belt  mountains. 

The  plane  of  unconformity  between  the  Cambrian  and  the  Algonkian 
formations  is  more  marked  than  that  between  the  Cambrian  and  the  Belt 
in  Montana.  The  plane  of  pre-Cambrian  erosion  cut  across  the  entire 
Grand  Canyon  series  and  extended  a  long  distance  beyond,  across  the 
subjacent  schists  and  granites.  The  extent  of  the  unconformity  is  illus- 
trated by  figure  5. 

Chiuir  tetrane, — This  section  is  arranged  from  the  summit  of  the  forma- 
tions downward  *  The  limestone  in  the  upper  division  of  the  section  is 
l^  feet,  while  the  limestone  of  the  lower  division  is  147  feet,  making  a 
total  thickness  of  limestone  of  285  feet. 

rppER  Division:  Feet 

1.  Massive  reddish  brown  sandstone,  passing  into  shales  below,  with 

irregular  layers  of  similar  color,  and  containing  numerous  frag- 
ments of  sandstone  shale  of  lighter  color 425 

2.  Alternating  shales  and  limestone ;  traces  of  fossils  occur  in  the  lower 

portion  of  the  shale ;   Chuaria  circularis  is  the  only  species  that 

has  been  defined 337 

3.  Gray  Stromatopora  (?)  t  limestone 8 

4.  Black  argillaceous  shale,  with  variegated  shales  below ;   on  the 

slopes  light  drab,  pea-green,  vermilion,  chocolate,  maroon^  an<l 
buff-colored  shales  of  various  shades  alternate 740 

5.  Massive  stratum  of  concretionary  limestone,  with  sandstones  and 

shales  below ;  reddish  brown  sandy  shale 190 

Total  thickness  of  upper  division 1,700 

Lower  Division  : 

1.  Brown  sandy  shales,  passing  l)elow  into  chocolate  and  dark  argil- 
laceous shales  that  i)ass  below  into  alternating  sandy  and  argilla- 
ceous shales,  with  thin  belts  of  limestone  from  6  inches  to  4  feet 
in  thickness ;  Stromatoix)ra  (?)  limestone  of  4  feet  near  l)ase 62,') 

•This  section  is  given  in  detail  in  the  Fourteenth  Ann.  Report  V.  S.  Haol.  Survey,  1895,  pp. 

t  Prol)«bIy  a  species  of  Cryptozoon. 

XXX II— Bull.  Okol.  Soc.  Am.,  Vol.  10,  1898 
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2.  Chocolate- brown,  dull,  and  yellowish  screen  sandy  and  argillaceous 

shales,  with  sandstone  in  narrow  bands  and  21  feet  of  limestone 
in  thin  layers  near  the  middle  and  base  of  the  stratum fi: 

3.  The  sandstone  and  sandy  shales  become  less  prominent,  the  aiyil- 

laceousand  calcareous  strata  replacing  them,  62  feet  of  limestone 
occurring  in  522  feet  of  strata 52: 

4.  Black  argillaceous  shale,  with  chocolate  and  greenish  sandy  anil 

argillaceous  shales  beneath 1") 

5.  Three  feet  of  compact,  mottled,  buff  limestone  interbedde<i  in  15 

feet  of  brown  sandy  shale j^ 

6.  Black,  chocolate,  and  various  colored  sandy  and  argillaceous  shales       S'=n 

7.  Massive  band  of  irregular,  thinly  bedded  limestone,  gray  and  buff, 

except  near  the  chocx)late-coloreti  upper  stratum,  with  thinly 
bedded  limestones  below ;  conchoidal  fracture '''* 

8.  Dark  argillaceous  shale,  with  a  strongly  marked  band  of  a  deep 

maroon  color  and  drab,  yellowish  green,  and  dark  or  brownish 
black 450  to     1^3*)' 

Total  thickness  of  lower  division 3,4-1' 

Total  thickness :  I 

Upper  division 1,"'^'  | 

Lower  division '^^'^^ 


5,12U 


Limestone  in  upper  division 

Limestone  in  lower  division 1^ 


IS? 


i 

Unkar  terrane, — This  section  is  arranged  from  the  summit  of  the  forma-  ! 
tions  downward. 

Feel     Feri    , 

L         a.  Massive  beds  of  gray  to  reddish  magnesian  limestone,  passing 

iHilow  into  a  calciferous  sandrock 50  to      150 

h.  Ijght  gray  shaly  sandstone  and  irregular  massive  beds  of 

yellowish  brown  sandstone 323 

47o 

2.  Lava  beds: 

a.  Dark  green  basaltic  rock,  with  a  reddish  tinge 100  | 

b.  Layers  of  a  reddish  brown  sandstone 8  to       10 

e.  Solid,  compact  lava,  of  a  dark  green  and  reddish  tinge "0 

d.  A  layer  of  sandstone,  1  foot  in  thickness,  caps  a  massive  flow 

of  dark  green  lava 100 

e.  A  flow  not  unlike  **  d,"  and  capped  by  a  layer  of  sandstone 

2  feet  in  thickness '0 

/.  A  layer  of  vesicular  lava,  with  a  thin  stratum  of  sandstone 

at  the  summit 10 

g.  Solid,  compact  lava,  of  a  dark  green  and  reddish  tinge 1"5           i 

/i.  Reddish  brown  sandstone,  compact  and  slightly  metamor- 
phosed toward  the  summit 15          , 
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Feet     Feet 

i.  This  flow  rarely  forms  a  cliff,  and  the  rocks  crumble  into  a 
rather  light  olive-green  coarse  sand ;  thin  beds  of  reddish 

brown  sandstone  occur  in  several  places 250 

800 

3.   SANDfiTONES  (uPPEK)  : 

a.  Shaly  vermilion  sandstones,  with  intercalated  bands  of  a 

greenish  gray,  followed  below  by  700  feet  of  vermilion  beds 

of  a  uniform  character 1,730 

b.  The  vermilion  sandstones  of  **  a  "  pass  into  chocolate-colored 

sandstones  underlain  by  300  feet  of  friable  sandstone  and 

arenaceous  and  micaceous  shale .    1 ,500 

3,230 

4.  Sandstones  (lower)  : 

a.  Compact  quartzitic  gray  sandrock,  25  feet,  with  65  feet  of 

hard,  compact  sandstone 90 

6.  Massive,  compact,  cliff- forming,  brown,  buff,  and  purplish- 
brown  sandstone 1,200 

c.  Reddish  brown  to  vermilion,  friable,  shaly  sandstone,  with 

fine,  silicious  conglomerate  (10  feet)  at  the  base 830 

2,120 

5.  Alternating  beds  of  sandstone  and  limestone 69 

6.  Dark,  compact  basaltic  lava  in  one  massive,  probably  intrusive,  flow. .        80 

7.  Light  gray,  compact,  shaly  limestone,  with  pinkish  tinge  between  the 

laminse ...        26 

8.  Silicious  conglomerate,  formed  largely  of  pebbles  derived  from  the 

upturned  edges  of  the  pre-Unkar  strata,  upon  which  it  rests  uncon- 
formably 30 


Total  thickness  of  Unkar  terrane 6,830 

Total  thickness  of  Chuar  terrane 5,120 

Total  thickness  of  Grand  Canyon  series 11,950 

AGE  OF  CAMBRIAN  BEDS  BESTING   ON  GRAND  CANYON  SERIES 

The  fauna  of  the  sandstones  and  shales  at  the  summit  of  the  Tonto 
sandstone,  290  feet  above  its  base,  is  of  middle  Cambrian  age  and  is  of 
the  same  type  as  that  of  the  shales  of  the  Flathead  formation  above  the 
Belt  terrane,  in  Montana. 

The  Cambrian  Tonto  sandstone  is  essentially  a  beach  deposit,  and 
man}'  of  its  beds  are  similar  to  those  of  the  Flathead  sandstone. 

The  absence  of  the  lower  Cambrian  rocks  and  fauna  is  attributed  to 
the  fact  that  the  portion  of  the  continent  now  covered  by  the  Grand 
Canyon  formations  and  the  associated  Cambrian  rocks  was  a  land  sur- 
face during  lower  Cambrian  time. 

VNCONPORMITY  BETWEEN  GRAND   CANYON  SERIES  AND   CAMBRIAN 

Ijocatioii  of  the  contact. — The  contact  of  the  Tonto  Cambrian  sandstone 
with  the  rocks  of  the  Chuar  terrane  is  beautifully  shown  in  the  walls  of 
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the  Grand  Canyon  ])roper,  and  also  of  the  lateral  canyons  which  enter 
it.  As  has  already  been  mentioned,  the  plane  of  unconformity  cuts 
across  the  pre-Cambrian  rocks  fronn  the  highest  beds  of  the  Chuar 
terrane  to  the  base  of  the  Unkar  terrane  and  into  the  subjacent  schi?:;^ 
and  granites.     This  is  illustrated  by  figure  5. 

Extent  of  unconformity. — The  extent  of  the  unconformity  between  tht- 
Chuar  terrane  and  the  Cambrian  will  probably  never  be  fully  ascertained. 
We  new  know  that  the  highest  beds  of  the  Chuar  terrane  formed  an 
island  in  the  Cambrian  sea  which  was  more  or  less  eroded  prior  to  the 
deposition  of  the  Cambrian  beds  over  its  summit,  the  basal  beds  of  the 
Cambrian  being  deposited  around  its  sides.  The  unconformity  proves 
that  an  extended  orographic  movement  took  place  prior  to  the  pre- 
Cambrian  erosion,  and  that  the  subsequent  erosion  must  have  been  of 
comparatively  long  duration  to  produce  the  baselevel  on  which  tlu- 
Cambrian  sediments  were  subsequently  deposited. 

LLANO  SERIES  OF  TEXAS 

In  central  Texas  the  basal  sandstones  of  the  Cambrian  correspond, 
lithologically  and  by  means  of  the  middle  Cambrian  fauna  in  their  upper 
beds,  with  the  Tonto  sandstones  of  the  Grand  Canyon  section.  They 
rest  unconformably  on  a  series  of  alternating  shales,  sandy  shales,  sand- 
stones, and  limestones,  which  are  very  much  like  those  of  the  pre- 
Cambrij^n  Grand  Canyon  series.  Like  the  Grand  Canyon  series,  the 
Llano  rocks  are  almost  unaltered,  showing  little  more  evidence  of  meta- 
morphism  than  the  overlying  Cambrian  and  Carboniferous  strata. 

No  systematic  search  for  fossils  has  been  made  and  none  have  been 
found,  but  on  account  of  similarity  in  stratigraphic  relations  and  lithi)- 
logic  characters  between  the  Llano  series  and  the  Grand  Canyon  series 
the  two  have  been  correlated.* 

AVALON  TERRANE 

The  format  ions  in  (jeneniL — This  terrane  includes  the  formations  between 
the  basal  beds  of  the  Cambrian  and  the  Archean  gneisses  of  Newfound- 
land. In  the  summer  of  1888  I  made  a  rapid  trip  across  the  section 
from  Saint  John  harbor  to  Topsail  head,  Concei)tion  bay,  which  f^ave 
me  a  clear  impression  of  the  general  character  and  order  of  succession 
of  the  strata,  but  no  details.  For  the  latter  it  is  necessary  to  refer  to  the 
reports  of  Dr  Alexander  Murray. 

Dr  T.  S.  Hunt  gave  the  name  Terranovan  to  the  series  of  strata  he- 
tween  the  Tjaurentian  gneisses  and  the  fossiliferous  strata  of  Canihrian 


♦  Am.  Jour.  Soi.,  vol.  28,  18H4,  pp.  431,  4.32.    S«»e  jilso  Profes'Kor  Coin.«<tock*8  description  iu  StHO')'' 
Ann.  Report  Geol.  Survey  of  Texas*  for  1890,  pp.  502,  oGiJ. 
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age.*     Subsequently  he  restricted  the  name  to  the  gneissic  series  t  and 
did  not  consider  the  upper  series.  J 

The  name  Avalon  is  now  proposed  on  account  of  the  typical  develop- 
ment of  the  terrane  on  the  peninsula  of  Avalon,  It  includes  four  prin- 
cipal formations,  §  designated  as  follows  : 

Thickness 
in  feet 

Signal  Hill 3,120 

Momable 2,000 

Torbay 3,300 

Conception , 2,950 

11,370 

Signfil  Hill  mndstone. — The  typical  localities  are  at  Signal  hill,  Saint 
.Johns  harbor,  Bay  de  Verde,  New  Perlican,  and  Baccalieu  island. 

Feet 

1.  Red  conglomerate,  the  pebbles  of  which  are  chiefly  white  quartz,  but  with 

occaBional  pebbles  of  brown  or  red  jasper,  syenite,  or  gneiss  and  slate ; 

the  pebbles  vary  in  size  from  a  pea  to  a  &-pound  cannon  ball 500 

2.  Dark  red  sandstone,  hard  and  tough,  in  strong,  massive,  irregular  beds, 

from  2  to  3  feet  thick,  passing  into  a  fine  conglomerate  at  the  top ;  the 
whole  reticulated  with  veins  of  white  quartz 1,320 

3.  (ireenish  or  gray  fine  grained  sandstone,  very  hard,  with  conchoidal  frac- 

ture; difficult  to  work,  but  used  to  a  large  extent  as  a  building  stone, 

in  beds  varying  from  1  to  3  feet  thick 1,300 

Momable  slates. — This  series  of  slates  is  cut  across  by  Momable  bay, 
and  is  well  shown  at  Saint  Johns,  Harbor  Grace,  Carbonearbay,  Roberts 
bay  and  Northern  bay. 

Feet 

Dark  brown  or  blackish  slates  of  Saint  Johns,  with  ripple  mark  very  dis- 
tinctly displayed  upon  some  surfaces,  and  in  which  some  obscure  organic 
remains  have  been  found  resembling  the  fossils  found  in  the  Torbay  forma- 
tion, and  another  supposed  to  be  the  shelly  casing  of  some  description  of 
Annelid  (Arenicolites) ;  the  cleavage  of  this  slate  is  sometimes  very  reg- 
ular, oblique  or  at  right  angles  to  the  bedding,  but  in  parts  it  also  cleaves 
fiarallel  with  the  stratification ;  toward  the  top  there  are  frequent  layers 
of  hard,  fine  grained,  greenish  sandstone  interstratified,  not  usually  more 
than  6  or  7  inches  in  thickness 2,000 

Torbay  slates. — At  Torbay  this  series  is  finely  shown.  It  covers  a  great 
extent  of  countrj^  in  its  broad  extension  from  cape  Saint  Francis  to  cape 
Race,  Saint  Marys  bay,  and  across  to  Conception  bay. 

♦  Am.  Jour.  Sci.,  3d  aer.,  vol.  1, 1870,  p.  87. 

trhem.  and  Geol.  E8.«ayfi,  1875,  p.  194. 

:  l»ad.,  p.  244. 

KJeol.  Sarrey  Newfoundland,  Reprint  of  Reports,  1881,  pp.  145,  14f».  The  distribution  of  the 
Tarioas  formations  is  finely  shown  on  the  geological  map  of  the  peninsula  of  Avalon,  Murray  A 
Howley,  1881. 
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Green,  purple,  pinkish,  or  red  elates  in  frequent  alternations;  the  texture  of 
these  slates  is  f^nerally  extremely  fine,  and  in  some  cases  they  approach 
in  hardness  to  jasper  or  chert ;  the  fracture  is  often  conchoidal,  and  the 
iin|)erfect  cleavage  parallel  with  the  bedding,  but  in  many  instances  the 
rock  has  a  good  cleavage,  oblique  or  at  right  angles  to  the  stratification,  and 
is  well  adapted  for  roofing  purposes ;  the  exposed  sur&cee  weather  for  the 
most  part  to  a  yellowish  white ;  the  fossil  forms,  supposed  to  be  of  the 
genus  Oldhamia,  were  found  in  these  slates  toward  the  top 3,30(i 

Conception  slates. — The  various  members  of  this  formation  are  we// 
shown  at  Topsail  Head  and  at  the  head  of  Conception  bay ;  also  on  the 
eastern  side  of  Placentia  bay. 

1.  Slate  conglomerate  and  slate  without  pebbles,  the  matrix  of  the  conglom- 

erate chiefly  of  a  dark  greenish  color  and  trappean  aspect,  inclosing 
pebbles  of  quartz,  many  of  which  are  white  and  some  gray,  syenite,  red 
and  brown  jaspers,  slate,  and  occasionally  drab-colored  or  yellowish 
chert;  vertical  cleavage  sometimes  observable,  and  at  times  cutting  in- 
differently through  both  pebbles  and  matrix,  while  at  other  times  the 
pebbles  are  loosely  imbedded  and  break  out  whole  from  a  blow^  of  the 
hammer 1  ,<'>50 

2.  Diorites,  quartzites,  and  jaspery  bands ;  some  of  the  latter  of  a  reddish 

(X)lor,  with  hard  greenish  slates ;  at  Topsail  there  is  probably  some  addi- 
tional lower  strata,  and  there  is  one  very  remarkable  stratum  or  vein 
of  vitreous  white  quartz,  which  runs  parallel  with  the  stratification 
and  exposes  a  thickness  of  from  10  to  12  feet,  but  may  be  more,  the  un- 
conformable rocks  occupying  the  margin  between  it  and  the  shore —   1,300 

AOE  OF  CAMBRIAN  BEDS  RESTING  ON  AVALON  TERRANE 

The  red  and  green  slates  near  the  base  of  the  Cambrian  section  on 
Manuels  brook  carry  the  Olenellus  fauna.  Mr  G.  F.  Matthew*  is  in- 
clined to  consider  that  some  of  the  fossils  found  in  the  red  and  greeu 
slates  below  this  horizon  on  Random  sound  are  pre-Olenellus  and  of  pre- 
Cambrian  age.  I  do  not  think,  however,  that  the  published  data  arv 
sufHcient  to  prove  that  such  is  the  case.  Reference  to  this  will  be  fouiul 
in  tlie  discussion  of  the  fossils  found  in  pre-Cambrian  rocks. 

UNCONFORMITY  BETWEEN  A  VALON  TERRANE  AND  CAMBRIAN 

Location  and  character  of  contacts, — As  shown  by  the  geological  map  of 
the  peninsula  of  Avalon,  1881,  the  Cambrian  rocks  do  not  come  in  con- 
tact with  the  upper  formations  of  the  Avalon  terrane.  On  the  shores  of 
Conception  bay  they  rest  against  the  Conception  formation  at  the  base 
of  the  Avalon  terrane  and  overlap  onto  the  Archean.  About  Saint  Marys 
bay  they  are  in  unconformable  contact  with  the  Conception,  Torbiiy,and 

♦Trims.  New  York  Acad,  of  Science,  vol.  xiv,  1895,  p.  107. 


^J 


USCONPORMITY   BETWEEN   AVALON   TERRANE   AXD  CAMBRIAN      221 

Momable  formations,  and  on  Trinity  bay  with  the 
hose  ofthe  Signal  Hill  Handatones,  the  Momable,  Tor- 
hay,  and  Conception  formationB.  At  no  point  are 
ihey  shown  in  contact  with  the  upper  beds  of  the 
Sij>nal  Hill  sandstones.  The  unconformity,  like  that 
"f  the  Grand  canyon  of  the  Colorado,  cuts  across 

the  entire  Algonkiaii  series,  indicating  profound  oro-  S 

graphic  diaturbance  and  long  continuetl  erosion  prior  5   ^ 

to  the  deposition  ofthe  Cambrian  rocks  (figure  6).  g    j 

f^xUnt  of  unconformity. — It  is  impossible,  from  our  *    » 

]>re3ent  information,  to  determine  the  extent  of  the  -go 

unconformity  between  the  Cambrian  formations  of  o  y  I 

the  Avalon  terrane,  as  there  is  no  one  section  where  |  S    3 

there  is  a  transition  from  one  to  the  other.    The  un-  |  ?    ? 

conformity  now  known  proves  that  a  profound  oro-  o  o    ^ 

graphic  movement  raised  the  indurated  sediments  of  s  4^   | 

the  Avalon  terrane  above  sealevel,  that  the  forma-  ^  |-  > 

tions  were  folded  and  faulted,  and  that  subsequent  |  «    I 

erosion  cut  across  the  entire  series  from  the  highest  5"  &  | 

beds  of  the  Signal  Hill  sandstones  to  the  Archean  be-  I  |i   5 

neath.     What  formations  existed  above  the  Signal  f  I   C 

Hill  sandstones  and  were  removed  by  pre-f^ambrian  S  ?   3^ 
or  post-Cambrian  erosion  is  unknown. 


'  .^   i 
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TabU  of  pre-Cambrian  rocks. — The  Atgonkian  rocks 
of  the  Lake  Superior  region  comprise  a  great  series 
of  sediments  between  the  Cambrian  and  the  A  rchean. 
The  following  tabulation  (page  222)  by  Van  Hise* 
illustrates  the  order  of  succession  and  the  unconform- 
ities between  the  three  upper  members  ofthe  Algon- 
kian  terrane. 

Keweenaw  aeries. — The  Keweenawan  is  now  gener- 
ally recognized  as  a  series  many  thousands  of  feet 
thick,  consisting  of  interhedded  lava  flows  and  water- 
ile|)08ited  detrital  material,  derived  chiefly  from  the 
contemporaneous  igneous  rocks.  The  volcanics  are 
I'redominant  in  the  lower  part  of  the  series,  the  in- 
teriitratifi cations  of  the  two  are   moat   frequent  in 
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the  middle  portion,  and  the  upper  part  of  the  series  is  free  from  vol- 
canics.* 

Professor  Irving  divided  the  Keweenaw  into  an  upper  and  a  lower 
division.  The  upper  division  consists  mainly  of  sandstones,  the  esti- 
mated thickness  of  which  is  about  15,000  feet  in  the  middle  portion  of 
the  Lake  Superior  basin.  On  Montreal  river  the  upper  division  is  formed 
of  some  12,000  feet  of  red  sandstone  arid  shale,  about  500  feet  of  black 
shale  alternating  with  hard,  gray,  nearly  quartzless  sandstone,  both  shale 
an<l  sandstone  being  detrital  material,  and  about  1,200  feet  of  very  coarse 
boulder  conglomerate.f 

The  thickness  of  the  lower  division  is  very  great,  and  may  be  placed, 
according  to  Irving,  in  round  numbers,  at  from  26,000  to  30,000  feet. 
On  the  eastern  side  of  Keweenaw  point  the  maximum  thickness  of  the 
lower  division  at  surface  is  some  25,000  feet,  which  does  not  go  to  the 
base  of  the  series. 

The  lower  division  is  made  up  chiefly  of  a  succession  of  flows  of  basic 
rocks.  It  also  includes  layers  of  conglomerate  and  sandstone  nearly  to 
the  base,  and  more  or  less  of  original  acid  rocks.  Detrital  beds,  chiefl}' 
porphyry- conglomerates  and  red  sandstones,  occur  throughout  the  series, 
having  been  seen  all  the  way  from  the  base  to  the  summit,  but  they  are 
rare  in  the  lower  third  of  the  series,  and  as  a  rule  increase  in  thickness 
and  frequency  toward  the  top,  only  one  instance,  being  known  of  a 
heavy  bed  at  a  low  horizon. J 

I/nrer  Huroninn. — In  the  Lake  Superior  region  the  Lower  Huronian  is 
ft»riiied  of  closely  folded  semi-crystalline  rocks  consisting  of  limestones, 
fiuartzites,  mica-slates,  mica- schists, schist-conglomerates,  and  ferruginous 
and  jaspery  beds  intersected  by  basic  dikes,  and  in  certain  areas  by  acid 
eruptives.  It  includes  volcanic  elastics,  often  agglomeratic,  and  a  green, 
ohloritic,  finely  laminated  schist.  The  thickness  of  this  iSeries  has  not 
l>eeu  worked  out  with  accuracy,  but  at  its  maximum  it  is  probably  more 
than  5,000  feet.§ 

()fper  Hurdnian, — The  Keweenaw  series  rests  unconformably  on  the 
rpper  Huronian.  The  latter  is  formed  of  the  Animikie  and  Upper  Ver- 
miUon  formations  in  northern  Minnesota,  and  of  the  Penokee-Gogebic 
rocks  in  Michigan  and  Wisconsin.  On  Pigeon  river,  according  to  Irving, 
the  formations  consist  of  about  10,000  feet  of  dark  gray  to  black,  more 
or  less  highly  argillaceous  or  clay-slate-like  layers  alternating  with  others 
that  are  more  quartzitic.     Peculiar  cherty  layers  are  met  with  at  lower 

♦Loc.  cit.,  p.  161. 

t  Monograph  V,  U.  S.  Geol.  Survey,  188:j,  p.  153. 

X  Monograph  V,  U.  S.  Geol.  Survey,  1883,  pp.  152-160. 

I  Bull.  U.  S.  Geol.  Survey,  no.  86, 189'2.  p.  499. 

XXXI II— Bull.  Gbol.  See.  An.,  Vol.  10,  1898 
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horizons  in  the  slates,  and  also  banded  lean  magnetic  iron  ores  similar 
to  those  of  the  Penokee  region  of  Wisconsin.  There  are  also  inter}>edde<J 
eruptives,  consisting  mainly  of  olivine-gabbros  and  orthoclase-gabbni>. 

AOE  OF  CAMBRIAN  REDS  RESTING  ON  LAKE  SUPERIOR  SERIES 

The  fauna  of  the  Cambrian  sandstone  which  comes  in  contact  witli 
the  Algonkian  rocks  in  the  vicinity  of  Saint  Croix  falls  is  the  type  of 
that  of  the  middle  Cambrian,  and  it  is  probable  that  by  overlap  ihe 
higher  beds  of  the  ("ambrian  also  come  in  contact  with  the  rocks  of  the 
Keweenaw  series. 

UNCONFORMITY  BETWEEN  LAKE  SUPERIOR  SERIES  AND  CAMBRIAN 

A  full  description  of  the  relations  of  the  Cambrian  to  the  Keweenaw 
rocks  is  given  by  Irving  in  his  monograph  on  the  copper- bearing  rocks 
of.  lake  Superior.*  He  shows  clearly  that  there  is  a  great  unconformity 
between  the  two  series  of  strata,  and  that  profound  orographic  movements 
and  long  continued  erosion  occurred  prior  to  the  deposition  of  the  Cam- 
brian rocks  (figure  7). 

UNCONFORMITIES  WITHIN  LAKE  SUPERIOR  SERIES 

The  unconformities  between  the  Keweenawan  and  the  Upper  Huro- 
nian,  and  between  the  Upper  Huronian  and  the  Lower  Huronian,  and 
between  the  Lower  Huronian  and  the  Archean  have  been  fully  descrii>e<l 
and  discussed  by  Van  Hise,  f  who  states  that 

"  In  the  lake  Superior  region,  between  the  Archean  and  the  Potsdam  sandstone, 
the  great  Algonkian  system  is  subdivided  into  three  series,  which  are  aeparatai  by 
very  considerable  unconformities.  The  lowest  series  is  closely  foldetl,  semicrystAl- 
liiie,  and  consists  of  limestones,  quartzites,  mica-slates,  mica-schists,  schiet-ccm- 
glomerates,  and  ferruginous  and  jaepery  beds,  intersected  by  basic  dikes,  and  in 
certain  areas  also  by  acid  eruptives.  It  includes  volcanic  elastics,  often  agglomer- 
atic,  and  a  green  chloritic,  finely  laminated  schist.  The  thickness  of  this  eerie* 
has  not  been  worked  out  with  accuracy, but  at  its  maximum  it  i*  probably  more 
tlian  5,000  feet.  As  the  term  Huronian  has  been  for  many  years  applied  not  only 
to  the  Upper  Huronian  series,  but  to  this  inferior  series  about  lake  Superior,  it  is 
called  Ix)wer  Huronian. 

*'  Above  this  series  is  a  more  gently  folded  one  of  conglomerates,  qnartzite?, 
shales,  slates,  mica-schists,  ferruginous  beds,  interbedded  and  cut  by  greenstones^, 
the  whole  having  a  maximum  thickness  of  at  least  12,000  feet.  In  the  Aniniikie 
district  a  fossil  tmck  has  been  found,  and  in  the  Minnesota  quartzites  lingula-like 
forms,  as  well  as  an  obscure  trilobitic-looking  impression.  Carbonaceous  shale? 
are  abundant.     In  its  volume,  degree  of  folding,  and  little-altered  character  tlie 

♦  Mon.  r.  H.  Gool.  Survey,  vol.  v,  18s:i,  p.  ar>6,  pi.  xxiii. 
t  Bull.  U.  S.  (ieol.  .Surv«>y,  no,  8«»,  m)2,  pp.  4«<)-60(i. 
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Upper  Huronian  is  in  all  respects  like  the  upper  series  of  the  original  Hurouiai:. 
and  can  be  correlated  with  it  with  a  considerable  degree  of  certainty.  Above  ihr 
Upper  Huronian  is  the  great  Keweenawan  series,  estimated  at  its  nmxinium  to  W 
50,000  feet  thick,  although  its  average  thickness  is  much  less.  Its  lower  divin^n 
consists  largely  of  basic  and  acid  volcanic  flows,  but  contains  thick  beds  of  inter- 
stratified  sandstones  and  conglomerates,  esi)ecially  in  its  upper  part.  Tlie  up{>er 
division,  15,000  feet  thick,  is  wholly  of  detrital  material,  which  is  largely  deri\>i 
fruin  the  volcanics  of  the  same  series. 

"  The  unconformity  which  separates  the  Lower  Huronian  from  the  Upper  Hiir*'- 
nian  and  that  which  separates  the  latter  from  the  Keweenawan  each  represents-  an 
interval  of  time  sufliiciently  long  to  raise  the  land  above  the  sea,  to  fold  the  nnk^, 
to  carry  away  thousands  of  feet  of  sediments,  and  to  depress  the  land  again  l>eI<)H 
the  sea — that  is,  each  i-epresents  an  amount  of  time  which  ])erhaps  is  as  long  a.- 
any  of  the  j>eriod8  of  deposition  themselves.  In  part*  of  the  region  the  l(iH«t 
clastic  series  rest  unconformably  on  the  fundamental  complex,  but  in  certain  art<i> 
the  relations  have  not  been  ascertained.  The  upper  of  the  three  clastic  series,  tht 
Keweenawan,  rests  unconformably  below  the  Cambrian." 

PRE-CAMBRIAy  SEDIMENTARY  ROCKS  Ii\  UTAH,  NEVADA,  CALIFORNIA,  AM' 

BRITISH  COLUMBIA 

Beneath  the  lowest  horizon  carrying  the  Olenellus  fauna  of  the  C'or- 
dilleran  region  of  the  United  States  and  British  Columbia  there  is  a 
great  series  of  silicious  slates,  sandstones,  and  occasionally  thin  bedde^i 
limestones  in  which  no  trace  of  life  has  been  discovered.  What  their 
relations  are  to  the  Belt  series  of  Montana  and  the  Grand  Canyon  series 
of  Arizona  is  unknown,  as  in  no  locality  have  they  been  seen  in  contact. 
A  somewhat  full  description  of  these  series  is  given  in  Bulletins  81  ami 
86  of  the  Geological  Survey  and  in  the  Tenth  Annual  Report,  pain? 
549-^52. 

Whether  the  fauna  that  existed  at  the  time  of  the  deposition  of  the 
pre-Olenellus  beds  under  consideration  has  the  character  of  that  of  the 
('ambrian  is  conjectural.  It  is  not  improbable  that  traces  of  it  will  )h' 
found  when  the  great  sections  exposed  along  more  than  a  thousand  mile? 
of  outcrop  are  carefully  examined  by  ex|)erienced  collectors. 

Occurrence  of  Fossils 
strata  of  determined  pre  cambrian  age 

An  investigation  of  the  reported  discovery  of  fossils  in  pre-Cainhrian 
formations  leaves  only  three  undoubted  instances  where  .it  .can  hes'aiii 
tliat  the  8tratigra])hy  shows  the  strata  to  be  of  preCaml)rian  age  ami 
the  traces  of  fossils  are  such  as  to  prove  their  organic  origin  beyond  a 
reasonable  doubt,  namely,  the  Grand  Canyon   terrane  of  Arizona,  the 
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chiefly  of  granular  quartz,  but  may  often  contain  also  traces  of 'spherulites,  and  a 
few  of  those  examined  are  made  up  wliolly  of  fibrous  feldspathic  material— i.  e., 
they  are  spherulites.  In  those  which  are  composed  of  spherulitic  matter  with 
granular  quartz  the  latter  sends  numerous  veins  of  granular  quartz  into  the  splier- 
ulitic  portion,  as  well  as  into  the  surrounding  spherulites,  and  it  is  evident  that  the 
granular  quartz  was  deposited  after  the  development  of  the  spherulites.  Recogniz- 
ing til  is  Palseotrochis  rock  as  a  more  or  less  altered  ancient  volcanic  (according  to 
Holmes,  pre-Cambrian)  full  of  spherulites,  it  Is  easy  to undei-stand  the  great  varia- 
tion in  the  form,  size,  and  composition  of  the  nodules. 

**  The  Palaeotrochis  rock  is  evidently  closely  related  to  the  acid  volcanics  studied 
by  Wadsworth*  and  others  in  the  vicinity  of  Boston  and  those  of  the  »South 
mountain,  in  Pennsylvania  and  Maryland,  described  by  I)r  G.  H.  Williams  t  and 
Mi88  Boscom.t 

•'About  a  year  ago  biconical  forms  like  Paheotrochis  were  presented  by  Mr  Tadat- 
sugn  Kochibi,  Director  of  the  Geological  Survey  of  Japan,  to  the  United  States  Geo- 
logical Survey.  These  specimens  are  now  in  the  National  Museum,  and  are  much 
more  regular  in  form,  size,  and  general  appearance  than  the  Paheotrochis  of  North 
Carolina.  They  are  of  a  pale  pink  color,  with  regular  biconical,  striated  forms,  and 
in  some  cases  have  shallow  pits  in  one  of  the  apices.  They  are  known  in  Japan  as 
*  Soroban  ishi,'  or  abacus  stonesiJOne  of  these  specimens  contains  a  small  fragment 
of  the  rock  from  which  these  curious  specimens  were  obtained,  and  it  appears  to  be 
spherulitic-  According  to  Mr  Willis,  who  obtained  the  infonnation  directly  from 
Mr  Kochibi,  *  these  stones  are  found  only  in  rhyolitic  tuffs.  They  not  infrequently 
occur  much  larger  than  these  specimens,  possibly  up  to  two  inches  in  diameter  or 
more,  and  are  more  frequently  associated  in  groups  of  two  or  thi*ee  overlapping  or 
coalescing.  They  are  generally  white,  the  rosy  tint  of  these  specimens  l)einga 
rare  characteristic'  A  thin-section  of  one  of  these  *  abacus  stones'  shows  it  to  be 
an  agate  of  which  the  outer  layers  are  pink  and  the  inner  white.  There  can  be 
no  doubt  in  this  case  that  the  form  resulted  from  the  filling  of  the  cavity  long  after 
the  solidification  of  the  igneous  material." 

LAKE  SUPERIOR  SERIES 

Fossils  have  been  reported  from  time  to  time  from  the  lake  Superior 
pre-Cambrian  rocks,  but  there  does  not  yet  appear  to  be  any  positive 
evidence  that  they  have  been  found  in  the  Keweenaw,  the  Huronian,  or 
in  any  of  the  formations  that  may  be  referred  to  the  Algonkian. 

In  a  paper  by  W.  S.  Gresley  §  fossils  are  deiscribed  which  were  found 
by  him  in  heaps  of  iron  ores  upon  the  docks  at  Erie,  Pennsylvania.  The 
locality  was  identified  on  the  statement  of  the  dock  superintendent  that 
the  majority  of  the  specimens  came  from  the  Chapin  mine,  Iron  mountain, 
Menominee  range,  Michigan. 

Professor  C.  R.  Van  Hise  informs  me  that  in  the  Menominee  district 
at  various  points  ore  is  mined  from  the  basal  Cambrian,  the  ore  bein 


g 


*  Bull,  of  the  Museum  of  Comparative  Zoology,  Harvard  College,  vol.  v,  p.  28'J,  and  vol.  vii,  p.  lOo. 
t  Journal  of  Geology,  vol.  ii,  p.  1, 1894. 
I  Bull.  V.  S.  Geol.  Survey,  no.  130. 

I  Traces  of  organic  remains  from  the  Huronian  (?)  series  at  Iron  Mountain,  Micliigan,  etc.    Trans. 
Min.  Inst.  Min.  Kngineers,  1896,  vol.  xxvi,  p.  527. 
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largely  reconiposed  from  the  Huronian  deposits.  Professor  Van  Hi^* 
thinks  that  it  is  not  at  all  certain  that  the  trails  and  markings  descri))t^l 
by  Gresley  were  not  contained  in  the  sandstone  accompanying  the  ore 
in  the  Cambrian  formation. 

I  now  have  before  me  the  specimens  described  by  Mr  Gresley,  ami  ii 
is  my  judgment  that,  so  far  as  any  of  the  lithological  characters  of  tin- 
matrix  can  indicate,  the  specimens  were  more  probably  derive<l  from  the 
unaltered  Cambrian  sandstones  than  from  the  more  or  less  altered  Hu- 
ronian sandstone. 

In  view  of  this  and  Professor  Van  Rise's  statement  of  the  occurrence 
of  iron  ores  in  the  Menominee  district  in  the  Cambrian,  I  think  that  we 
are  not  warranted  in  accepting  the  trails  and  markings  as  evidence  of 
life  in  the  pre-Cambrian  rocks  of  the  Lake  Superior  region. 

In  a  paper  discussing  a  supposed  fossil  from  the  copper-bearing  rock> 
of  lake  Superior*  Dr  M.  E.  Wadsworth  states  that  in  his  opinion  the 
specimen  is  of  inorganic  origin,  probably  a  **  simulative  lava  flow." 

The  evidence  of  life  in  the  Animikie  rocks  consists  of  the  presence  of 
graphitic  material  in  the  slates  and  of  a  supposed  fossil  mentioned  by 
Mr  G.  F.  Matthew,  t 

Professor  Van  Hise  defines  the  Upper  Huronian  as  a  gently  folded 
series  of  strata  formed  of  conglomerates,  quartzites,  shales,  slates,  n)ica- 
schists,  ferruginous  beds,  interbedded  and  cut  by  greenstones,  tlie  whole 
having  a  maximum  thickness  of  at  least  12,0(X)  feet.  In  this  series  are 
included  the  Minnesota  and  Dakota  quartzites.  J  He  mentions  the  oc- 
currence in  the  Minnesota  quartzites  of  Lingula-like  forms,  as  well  as  an 
obscure  trilobitic-looking  impression  described  by  Winchell.  §  Tiie  lat- 
ter I  have  examined  carefully  and  have  concluded  that  it  is  of  inorfranic 
origin.  The  Lingula-like  forms  are  so  obscure  that  it  is  difficult  to  tell 
whether  they  are  of  organic  origin  or  not.  The  weight  of  evidence  i.-^  in 
favor  of  their  being  small  flattened  concretions  that  in  some  specimens 
have  the  appearance  of  a  crushed  Obolus  or  Acrothele. 

NEWFOUNDLAND  AVALON  TERRA NE 

Fossils. — The  Aspidella  of  the  Momable  slates  of  Newfoundland  is 
probably  of  organic  origin,  but  it  may  be  questioned.  It  appears  to  be 
impracticable  to  ascertain  what  the  Arenicolite-like  fossil  is  that  Mr  E. 
Billings  mentions  as  associated  with  Aspidella.    No  specimens  are  known 

♦Proc.  BcKMton  Soo.  Nftt.  Ili.st.,  vol.  xxiii,  18H4,  p.  208. 

fCarffiil  study  of  the  sptH'imen  sent  to  Mr  H.  F.  Mjitthew  by  Dr  A.  R.  C.  Selwyn  loads  to  the*  o^n- 
elusion  that  tl\o  markings  attribnto<l  to  organic  agt^noies  are  probably  of  inorganic  origin.  A  yho- 
tograpli  cif  the  .slab  of  slate  \h  given  on  plate  -xlvi  of  Monograph  xxx,  U.  S.  (ieol.  Survey. 

I  Bull.  I'.  S.  (iool.  Survey,  no.  8f),  p.  499. 

g  FoHsils  from  the  redquartzite  at  Pipestone.  Geol.  and  Nat.  Hist.  Survey,  Minnesota,  Thirteenth 
Ann.  Report  f«)r  Ih«4-1hh.'»,  pp.  iV>-12.     Describes  LinquUi  calumet  and  Parndoxult*  barbrrt. 


FOSSILS   FROM   THE   AVALON   TERRANE  231 

to  me  to  be  accessible  either  in  the  collections  of  the  Geological  Survey 
of  Canada  or  in  those  of  Newfoundland. 

A>pidella  Urranavica,  BilUng, 

(Plate  27,  figures?,  8.) 

A«pidrUa  terranovicaj  Billings.     Paleozoic  Fofisils,  vol.  ii,  part  i,  1874-1876.     Reprint 
of  the  Report  of  the  Geological  Survey  of  Newfoundland,  1881,  page  286. 

''These  are  small  ovate  fossils,  five  or  six  lines  in  length  and  about  one-fourth 
less  in  width.  They  have  a  narrow,  ring-like  border,  within  which  there  is  a  con- 
(-ave  space  all  round.  In  the  middle  there  is  a  longitudinal,  roof-like  ridge,  from 
which  radiate  a  number  of  grooves  to  the  border.  The  general  aspect  is  that  of  a 
mnRll  Chiton  or  Patella  flattened  by  pressure.  It  is  not  probable,  however,  that 
they  are  allied  to  either  of  these  genera. 

''Associated  with  these  are  numerous  specimens  of  what  appear  to  be  Arenko- 
liies  spiraliM,  a  fossil  that  occurs  in  a  formation  lying  below  the  primordial  rocks  in 
Sweden.'* 

Obsei-vatlons. — In  the  report  of  the  Geological  Survey  of  Newfoundland 
for  1872  Dr  Alexander  Murray  states  that  Aspidella  is  found  in  division 
D  of  the  Saint  John  section  or  the  Momable  slates  of  tiie  Avalon  terrane. 
In  addition  to  the  localities  mentioned  by  Billincrs,  Dr  Murray  found 
Aspidella  in  equivalent  strata  on  Trinity  bay.  at  several  parts  of  the  val- 
ley of  the  Rocky  river,  and  at  Ferry  land,  where  in  some  cases  it  liter- 
ally covers  extensive  surfaces  of  the  rock  in  large  and  small  forms,  while 
in  other  localities  single  specimens  were  found  scantily  distributed.* 

Dr  A.  S.  Packard  has  published  a  statement  to  the  effect  that  Mr 
G.  F.  Matthew,  of  Saint  John,  New  Brunswick,  doubts  the  organic  char- 
acter of  Aspidella.     He  quotes  him  as  follows : 

"  I  have  seen  Aspidella  lerranovica  in  the  museum  at  Ottawa  and  doubt  its  oi'ganic 
origin.  It  seems  to  me  a  slickensided  mud  concretion  striated  by  pressure.  I 
have  found  similar  objects  in  the  Etcheminian  olive-gray  beds  below  the  Saint 
John  group.'*! 

I  have  not  been  able  to  obtain  specimens  of  the  Oldhamia  mentioned 
by  Dr  Murray  as  occurring  near  the  summit  of  the  slates  that  I  have 
designated  the  Torbay  slates. 

The  Etcheminian  beds  of  Newfoundland  are  referred  to  under  New 
Brunswick. 

NEW  BRUNSWICK  ETCHEMINIAN  TERRANE 

The  Hanford  Brook  section  shows,  according  to  Mr  Matthew,!  a  series 


•Reprint  of  the  Report  of  the  Geological  Survey  of  Newfoundland,  1881,  p.  287. 
t  A  half-century  of  evohition,  with  special  reference  to  the  effects  of  geological  changes  on  auinMil 
hfe.    Proc.  Araer.  Ass'n  Adv.  Sci.,  vol,  xlvii,  1898,  foot-note,  p.  32.'J. 
X  Trans.  New  York  Acad.  Sci.,  vol.  xiv,  1895,  pp.  107, 108. 
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of  beds  (Etcheminian)  below  the  Saint  John  terrane  which  contain  a 
fauna  that  may  be  pre-Canibrian.*  He  correlates  the  "Etcheminian" 
rocks  of  the  Hanford  Brook  section  with  certain  red  and  green  sediments 
on  Random  sound,  Trinity-bay,  Newfoundland,  which  occur  above  the 
great  unconformity  between  the  Avalon  terrane  and  the  Cambrian  in 
other  localities  on  the  Avalon  peninsula. 

Mr  Matthew  writes  me,  under  date  of  January,  1899,  that  the  evidence 
of  unconformity  between  the  Etcheminian  rocks  at  Random  sound  and 
the  superjacent  Cambrian  rocks  is  that  the  two  series  have  a  different 
dip,  and  that  the  latter  have  a  conglomerate  at  the  base,  made  up  at 
one  locality  of  fragments  of  the  Etcheminian  rocks  and  at  another  of 
fragments  of  the  pre-Etcheminian  rocks.  He  states  further  that  at  Han- 
ford brook  the  non-conformity  is  not  very  apparent,  but  that  west  and 
north  of  Saint  John  the  Etcheminian  is  entirely  eroded  and  the  Saint 
John  Cambrian  beds  rest  directly  on  the  Huronian  and  Laurentian : 
further,  that  the  Etcheminian,  although  separated  from  the  Cambrian,  is 
in  near  relation  to  it  and  the  fauna  is  still  Paleozoic. 

Mr  Matthew  has  recently  written  me  that  he  is  now  prei)aring  a  de- 
tailed description  of  the  Etcheminian  rocks  and  their  contained  fossils, 
which  will  give  the  data  showing  the  relations  of  the  Etcheminian  fauna 
to  that  of  the  Cambrian. 

In  a  preliminary  note  he  states  that  the  fauna  consists  of  about  20 
species.f     No  traces  of  trilobites  have  been  found. 

**  Various  forms  of  the  family  Hyolithidte  are  the  dominant  types.  Other  gap- 
teropods  allied  to  Capulus  and  Platyceras  occur ;  also  brachiopotls ;  remains  of 
echinoderins  (cystids?),  and  corals  allied  to  Archteocythus  and  Dictyocyathue. 
The  thin  limestones  which  occur  in  the  upper  half  of  the  terrane  are  supposed  to 
have  originated  chiefly  from  foraminifera  (Globigerina,  etc.)" 

The  supposed  fossils  described  by  Mr  Matthew  from  the  Laurentian 
rocks  of  New  Brunswick  J  are  probably  of  inorganic  origin,  as  stated  by 
Dr  Rauff.§ 

ARIZONA    GRAND   CANYON  SSRIES 

Fossils, — The  traces  of  life  in  the  Grand  Canyon  series  consist  of  a  few 
small  fossils  found  in  the  upper  division  of  the  Chuar  terrane,  and  ft 
Stromatopora-like  form  from  the  upper  portion  of  the  lower  division 
and  the  central  portion  of  the  upper  division  of  the  Chuar. 

I  sent  the  Stromotapora-like  form  to  Sir  William  Dawson,  who  very 
kindly  made  a  study  of  it.     He  was  not  at  all  sure  that  it  was  a  fossil, 


♦IjOC.  cit.,  p.  109. 

t  Amer.  Gool.,  vol,  xxii,  1898,  p.  252. 

X  Bull.  no.  9,  Nftt.  Hist.  Soc.  New  Brunswick,  pp.  42-45. 

g  Neues  Jalirbuch  Min.  Oeol.  and  Pal.,  1893,  pp.  57-67. 
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hut  if  SO  its  affinities  are  nearest  to  Cryptozoon  of  Hall.  In  returning 
the  specimen,  in  1883,  Sir  William  sent  a  note,  and  later  gave  the  form 
a  specific  name. 

Cryptozoon  f  occidentale,  Daioson 

(Plato  23,  figures  1-4.) 

Cryptozoon  occidenUde,  Dawson,  1897.    Canadian  Record  of  Science,  vol.  vii,  page 
208,  figure  3. 

A  very  brief  description  of  the  form  is  given  and  a  microphotograph 
of  a  portion  of  a  thin-section.  The  structure  is  regarded  as  possibly 
corresponding  to  that  of  Cryptozoon. 

In  the  note  received  in  1883  Sir  William  wrote : 

"The  specimen  presents,  both  on  the  weathered  surfaces  and  in  slices,  a  lami- 
nate<l  appearance,  the  laminte  being  thin  and  distant  from  one  another  from  }  ram. 
to  2  iTin).     They  are  somewhat  unequal  in  direction  as  well  as  unequal  in  distance. 

**  The  laminse  are  composed  of  silica,  and  the  intervening  spaces  are  filled  with 
^raniilef*  and  bands  of  silica  imbedded  in  calcite.  When  the  calcite  is  removed 
the  Hilica  seems  to  consist  of  crystalline  granules  which  are  so  arranged  as  to  give 
with  the  calcite  a  netted  ap}>earance,  sometimes  assuming  the  aspect  of  irregular 
tubular  cavities  lined  with  silica.  No  finer  structures  are  to  be  observed.  If  such 
existed  they  are  probably  masked  by  the  crystallization  of  the  silica. 

*'  It  would  be  rash  with  such  material  to  regard  these  objects  as  organic.  Some- 
thing as  to  this  may  be  based  on  their  mode  of  recurrence,  and  possibly  new  speci- 
mens may  reveal  more  distinct  structure.  So  far  as  the  present  specimens  are  con- 
cerned, if  organic  I  should  suppose  them  to  have  been  arenaceous  tests  of  some 
creature  allied  to  that  which  produced  the  Ordovician  and  Cambrian  fossils  known 
as  Oyptozoon,  Hall.  These  present  thin  lamina?  with  the  interstices  occupied  with 
an  arenaceous  substanc*e  perforated  with  innumerable  curved  tubes  and  chamber- 
leU*.  The  structure  on  the  whole  has  more  resemblance  to  that  of  the  Carbon- 
iferous and  Tertiary  bodies  known  as  Loftusia,  Carpenter.  The  siKJcies  L.  colum- 
hianay  described  by  Dr  G.  M  Dawson,  from  the  Carboniferous  rocks  of  British 
Columbia,  though  small  in  size,  more  regular  and  more  distinct  in  structure,  is 
that  which  most  nearly  resembles  Cryptozoon  and  also  the  Grand  Canyon  8|>ecie8. 
If  really  of  pre-Cambrian  age,  it  merits  more  extended  and  detailed  study  with  the 
aid  of  additional  specimens,  as  it  may  form  a  connecting  link  between  the  Cam- 
brian Cryptozoon  and  the  Lauren tian  Eozoon. 

"  I  naay  add  that  in  addition  to  C.  prolifernm  of  Hall  from  the  Potsdam  of  New 
York  and  C  Minnesotense^  Winchell,  from  the  Cambro-Silurian  of  Minnesota,  I 
have  two  other  forms  differing  in  details  of  structure.  One  of  these  is  from  the 
Calciferous  of  Lachute  in  the  Ottawa  district,  the  other  from  lake  Saint  John  on 
the  Saguenay,  where  it  was  collected  by  Mr  Chaml)er8,  of  Montreal.  I  have 
named  them  provisionally  C.  lachtUetise  and  C.  boreitl.*    It  may  further  be  stated 


•The  first  of  these  may  be  deflcribed  b»  in  lar^e  tiuiMses  with  irremils^r  wavinjc  lftmiiin»,  some- 
tirn<>»  apparently  connected  by  pillHra  and  larjco  intorstitial  cttniils  c»r  spaces.  Tlie  «econd  is  in 
elongated  lot>ed  masses  with  laminoD  somewhat  waving  and  in  groiips,  tlie  interstitial  canals  very 
fine. 
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that  all  of  these  Cryptozoa  are  apparently  more  nearly  related  to  the  typical  Sti^ 
matocerium  rugomm  of  Hall  from  the  Black  River  formation  than  to  other  Stroma- 
toporoids.*' 

When  collecting  material  in  the  Chuar  terrane  in  1883  I  was  strongly 
impressed  with  their  resemblance  to  the  forms  occurring  in  the  upper 
Cambrian  rocks  of  Saratoga  county,  New  York,  which  Professor  Janie.'^ 
Hall  subsequently  described  as  Onrptozoon  proliferuin.  There  were  cer- 
tain differences  of  occurrence,  however,  that  were  noted  at  the  time. 
These  were  that  the  Chuar  forms  in  the  Grand  canyon  were  more  elevated 
and  were  not  semi-spherical,  as  most  of  the  Saratoga  forms  are.  Usually 
the  Chuar  forms  began  at  or  near  the  bottom  of  the  layer  and  gradually 
expanded  upward.  If  one  of  the  specimens  stopped  growing  or  wjis 
broken  off,  one  or  more  began  above  it  and  continued  on  upward  to  the 
top  of  the  layers  of  limestone,  or,  as  in  many  cases,  passed  the  division 
line  between  the  two  layers  of  limestone  and  continued  on  up  toward 
the  summit  of  the  succeeding  layer.  Where  the  specimens  were  very 
abundant  they  were  from  2  to  3  inches  in  diameter,  whereas  where  the 
specimens  were  scattered  they  have  sometimes  reached  a  diameter  of  10 
or  more  inches. 

The  mode  of  occurrence  strongly  suggests  the  organic  origin  of  the 
forms  named  by  Dr  Dawson  and  partially  illustrated  on  plate  23  of  this 
paper. 

Chuaria  circulariSy  no  v.  g.  and  sp. 

(Plate  27,  figures  12,  13.) 

In  the  sandy,  slightly  argillaceous  shale,  730  feet  beneath  the  summit 
of  the  Chuar  terrane,  a  number  of  circular,  disc-like  bodies  were  found, 
which  appear  to  be  the  remains  of  a  compressed  conical  shell.  I  was  at 
first  inclined  to  regard  these  as  concretions,  but,  with  the  discovery  of 
more  perfect  S{)ecimen8,  this  view  was  abandoned  and  the  objects  were 

referred  to  as  specimens  of  a  small  discinoid  shell.*  The  specimens 
vary  in  size  from  2  to  5  millimeters  in  diameter.  They  are  concentric- 
ally wrinkled,  as  though  a  very  thin,  delicate,  almost  membranous  con- 
ical shell  had  been  compressed  between  the  laminae  of  the  shale.  Usually 
a  thin  layer  of  dark  bituminous  matter  covers  the  surface.  When  this 
is  removed  the  shell  is  smooth  and  shiny,  very  much  like  the  glistening 
surface  of  a  phosphatic  shell  when  slightly  dulled  by  weathering. 

The  figures  illustrating  the  form  exhibit  its  characteristics,  so  far  as 
they  have  been  determined. 

Formation  and  locality  yielding  Chuai^i  circularia, — Algonkian,  Ciiuar 

♦  Am.  Jour.  Sci.,  vol.  xxvi,  1883,  p.  195. 
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terrane,  Kwagunt  valley,  within  the  Grand  canyon  of  the  Colorado,  in 
Arizona. 

Some  obscure  fomis. — In  the  first  announcement  of  the  discovery  of  fos- 
sils mention  was  made  of  a  pteropod  allied  to  Hyolithes  triangularis.  A 
careful  study  of  the  specimens  throws  so  much  doubt  on  this  provisional 
identification  that  I  hesitate  to  make  a  positive  identification.  Had  the 
:?pecimen8  been  found  in  known  Cambrian  rocks  I  should  not  hesitate 
to  consider  them  as  obscure  specimens  of  Hyolithes.  It  is  possible,  how- 
ever, that  they  are  of  mechanical  origin  (see  plate  27,  figure  11). 

In  the  gray  limestone,  about  150  feet  above  the  Chuaria  circularis,  occur 
what  appear  to  be  the  ol)scure  remains  of  a  shell  which,  if  seen  in  the 
rambrian,  would  be  referred  to  the  genus  Acrothele  (plate  27,  figure  9). 
Reference  has  also  been  made  to  a  fragment  of  what  appears  to  have  been 
the  pleural  lobe  of  a  segment  of  a  trilobite  belonging  to  a  genus  allied  to 
one  of  the  genera  Obolella,  Olenoides,  or  Paaidoxides.*  It  is  possible 
that  til  is  is  correct,  but  with  the  experience  gained  by  a  study  of  the 
l>re-Cambrian  fossils  of  the  Belt  terrane,  I  should  now  hesitate  to  refer 
to  the  fragment  as  a  portion  of  a  trilobite.  It  is  illustrated  in  plate  27, 
figure  10. 

Dr  Carl  Wiman  illustrates  t  some  small  disc-like  bodies  from  the  pre- 
Cambrian  shales  of  the  Wisings  group,  which  may  or  may  not  be  of 
organic  origin.  It  is  interesting  to  note  their  resemblance  to  Chuaria, 
and  the  student  should  read  Dr  Wiman 's  description  and  examine  the 
illustrations  when  studying  the  problematical  organisms  of  the  pre-Cam- 
brian  rocks. 

MONTANA   BELT  TERRANE 

FomU. — The  fossils  thus  far  discovered  in  the  Belt  terrane  occur  in  the 
Oreyson  shales,  in  a  belt  of  calcareous  shales  about  100  feet  above  the 
Newland  limestone,  at  a  horizon  approximately  7,700  feet  beneath  the 
summit  of  the  Belt  terrane  at  its  maximum  developn)ent.  Indications 
of  fossils  were  first  discovered  near  the  mouth  of  Deep  Creek  canyon,  a 
'^hort  distance  above  Glenwood  postoffice.  Subsequently  they  were  found 
^^\  Sawmill  canyon,  about  4  miles  above  Neihart. 

The  fauna  includes  4  species  of  annelid  trails  and  a  variety  that  ap- 
pears to  have  been  made  by  a  minute  mollusk  or  crustacean.  There 
also  occur  in  the  same  shales  thousands  of  fragments  of  one  or  more 
genera  of  crustaceans.  All  the  specimens  Jire  very  much  com  pressed  and 
flattened,  and  often  large  fragments  of  the  test  have  been  broken  by  a 
uiovement  in  the  shale  subsequent  to  their  embedment  in  the  mud. 

•  Bull.  U.  S.  Gool.  Survey,  no.  30,  I88fi,  p.  4.3,  par.  89. 
t  Ball.  Oeol.  Inst.  Upsala,  no.  3,  vol.  ii,  1894. 
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The  most  interesting  feature  of  the  fauna  is  the  occurrence  of  un- 
doubted organic  remains  and  the  presence  of  a  crustacean  of  a  much 
higher  type  than  most  paleontologists  would  have  predicted  for  this 
horizon. 

HELMINTHOIDICHNJTES,  FJTCH 

Helminihoidichnitea  f  neihariensis^  sp. 

(Plate  24,  figures  1,  2,  4. ) 

This  is  a  very  narrow  trail  that  may  have  been  made  by  a  slender 
worm  or  a  minute  mollusk  or  crustacean.  From  the  convolutions  shown 
on  the  upper  portion  of  figures  2  and  4  (]>late  24),  the  impression  is  given 
that  the  animal  moved  very  much  as  a  small  mollusk  does  when  wan- 
dering about  on  the  mud  at  low  tide.  The  numerous  small,  round,  dark 
spots  gathered  along  the  trails  and  scattered  about  on  the  surface  of  the 
shale  are  probably  small  flattened  concretions.  They  suggest  spores  of 
an  alga  in  some  specimens  (figure  3\  but  in  the  great  majority  of  in- 
stances they  are  clearly  of  concretionary  origin. 

Fomiationand  localities  yielding  Helmiiithoidichnites. — Algonkian,  Grey- 
son  shales;  Deep  Creek  canyon  and  Sawmill  canyon,  Belt  mountains, 
Montana. 

Helminlhoidichnites  f  spiralis,  n.  sp. 

(Plate  24,  figures  6,  6.) 

These  curious  spiral  trails  occur  in  association  with  H.  f  iieiharknm 
in  Deep  Creek  canyon.  All  that  is  known  of  them  is  shown  in  the 
figures. 

Helminthoidichniies  meekly  n.  sp. 

(Plate  24,  figure?.) 

This  is  a  finely  presented  trail  from  the  gray  fissile-shale  in  which 
H.  ?  iqnralis  occurs.  It  is  pressed  flat  and  resembles  the  smaller  speci- 
mens of  H.  viarinus  from  the  Lower  Cambrian  slate  of  Granville,  New 
York.* 

PLANOLITES,  NICHOLSON 

Planolites  corrugatus,  n.  sp. 

(Plate  24,  figures.) 

This  is  the  cast  of  a  burrowing  worm  that  shows  corrugations  oran- 
nulationa  of  nearly  the  same  character  as  those  of  Planolites  annnlarins 

♦Tenth  Anuual  Report,  U.  S.  Geol.  Survey,  1891,  pi.  62. 
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from  the  lower  Cambrian  slates  of  Greenwich,  New  York  *  It  differs 
little  from  that  species ;  but  it  is  not  probable  that  the  same  species  of 
annelid  existed  at  the  two  distinct  geological  horizons  and  on  opposite 
sides  of  the  continent. 

Fonaation  and  locality  yielding  Planolites  eomigaius, — Algonkian,  Grey- 
son  shales ;  Sawmill  canj'on,  4  miles  above  Neihart,  Montana. 

Planolites  superkiis,  n.  sp. 

(Plato  24,  figure  9.) 

The  cast  of  a  large  burrowing;  worm  occurring  in  a  sandy  shale  inter- 
l)edded  in  the  Beltina  danai  shales  of  Sawmill  canyon.  This  burrow 
indicated  the  presence  o^  a  large  annelid  that  may  be  compared  with 
?orae  of  those  that  made  almost  similar  burrows  in  the  arenaceous  muds 
of  lower  Cambrian  time  and  in  part  throughout  geological  time  from  the 
Belt  terrane  to  the  sediments  now  gathering  in  seas  and  lakes.  The  cast 
of  the  burrow  extended  for  some  distance  in  the  bed  in  which  it  occurred, 
and  several  less  well  preserved  specimens  were  seen  near  it. 

Fitrmation  and  loadity  yielding  Planolites  superbus,-^ Al^oriki&n,  Grey- 
son  shales  ;  Sawmill  canyon,  4  miles  above  Neihart,  Montana. 

Crustacea. — The  crustacean  remains  are  in  a  most  unsatisfactory  con- 
dition of  preservation,  but  they  give  evidence  of  the  presence  of  types 
closely  related  to  the  Merostomes  that  may  be  represented  by  more  than 
one  genus  and  several  species.  I  have  suspected  the  presence  of  a  large 
phyllopod,  but  have  no  satisfactory  evidence  of  its  presence. 

When  preparing  the  note  on  the  "Affinities  of  the  Trilobita,"  pub- 
lished in  1881,t  the  class  Poecilopoda  was  divided  into  two  subclasses, 
Merostomata  and  Palaeadie ;  the  former  included  the  orders  Xiphosura 
and  Eurypterida,  and  the  subclass  Palaeadse  including  the  order  Trilobita. 
Subsequent  discoveries  have  led  some  naturalists  to  bring  more  closely 
together  the  Trilobita  and  the  Phyllopoda;  but  the  discovery  of  represent- 
atives of  the  Merostomata  in  pre-Cambrian  rocks  appears  to  strengthen 
the  view  that  the  Trilobita  and  the  Merost6mata  are  branches  of  a  com- 
mon line  of  descent,  or  that  the  Trilobita  are  an  offshoot  of  the  main 
branch  represented  by  the  Merostomata.  The  Phyllopoda  and  Merosto- 
mata may  have  developed  before  the  Trilobita. 

The  discussion  of  this  and  a  number  of  other  questions  raised  by  the 
presence  of  such  highly  organized  crustaceans  in  pre  Cambrian  rpcks  is 
deferred  with  the  hope  that  another  season's  field-work  will  afford  more 


•Tenth  Annual  Report,  U.  S.  Oeol.  Survey,  1891,  pi.  6(>,  fig.  6. 
t  Bull.  Mus.  Comp.  Zool.,  vol.   viii,  1881,  pp.  208-211. 
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conclusive  information  as  to  the  extent  and  character  of  this  remarkable 
crustacean  fauna. 

MERO8T0MATA 

Genus  Beltina,  n.  g. 

Under  this  generic  name  it  is  proposed  to  place  the  fragmentary  re- 
mains of  a  crustacean,  which,  as  far  as  can  he  judged  from  what  we  now 
know  of  it,  is  referable  to  the  Merostomata.  Thousands  of  fragment^ 
were  collected  from  the  calcareous  Greyson  shales  in  both  Sawmill  and 
Deep  Creek  canyons.  The  test  ai)pears  to  have  been  very  thin  and  with 
out  any  characteristic  surface  ornamentation;  it  is  usually  preserveil 
in  strong  relief  on  the  drab-colored  slate,  and  its  tenuous  character  is 
illustrated  by  figures  2,  3,  and  4  of  plate  27,  which  suggest  that  it  was 
folded  and  compressed  very  much  like  a  i)iece  of  paper.  To  one 
acquainted  with  the  a|)pearance  of  the  test  of  Eurypterus  and  Ptery- 
gotus  as  it  occurs  in  the  shaly  limestones  of  central  and  western  New 
York,  there  would  be  no  question  of  the  resemblance  between  the  frag- 
ments from  those  beds  and  the  fragments  from  the  Greyson  shales  of 
Montana.  In  each  case  the  test  is  very  thin  and  is  broken  into  angular 
fragments,  and  often  is  much  distorted  and  compressed. 

It  is  probable  that  more  than  one  genus,  and  several  species,  are  in- 
cluded under  the  genus,  but  it  seems  preferable  so  to  include  the  forms 
rather  than  to  designate  several  genera  and  species  on  the  evidence 
afforded  by  the  fragmentary  material  in  the  collection.  Onl}^  a  few  hour? 
were  available  for  collecting  material  in  the  field,  and  it  is  quite  probable 
that  systematic  collecting  will  provide  data  with  which  the  various  fonns 
now  placed  under  Heltina  can  be  classified. 

Plate  25,  figure  2,  illustrates  what  may  be  the  head  of  a  Eurypterus- 
like  form,  and  figure  1  suggests  the  outline  of  the  head  of  Pterygotus- 
Tlie  telson,  figure  18,  is  the  type  of  that  of  Pterygotus,  as  is  also  the 
free  ramus  represented  by  figures  13  and  14,  which  was  undoubtedly  at- 
tached to  a  chelate  appendage.  The  telson  represented  by  figures  4  and 
5  of  plate  26  suggests  the  telson  of  Eurypterus  or  Stylonurus.  The 
fragments  represented  by  figures  2  and  3  of  plate  26  and  figure  6  of 
plate  27  suggest  jointed  swimming  appendages,  such  as  occur  in  many 
species  of  the  Merostomata.  The  appendages  which  have  thus  far  been 
found  vary  greatly  in  appearance,  and  in  the  present  state  of  our  infor-  - 
mation  it  would  be  little  more  than  guess-work  to  attempt  to  identify 
them.-  Such  forms  as  are  represented  by  figures  7,  8,  and  9  of  plate  25 
suggest  the  basal  joint  and  a  slender  terminal  joint  of  the  cephalic  ap- 
pendages of  Euryi)terus  and  Pterygotus.  The  large  appendages  indi- 
cated by  figures  6  and  7  of.  plate  26  suggest  the  swimming  legs,  but  they 
are  too  imperfect  for  identification. 
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If  we  consider  figures  1  and  18  of  plate  25  as  representing  a  form  which 
may  be  compared  with  Pterygotus,  and  figure  2  of  j)late  25  and  figures 
4  and  5  of  plate  26  as  Eurypterus,  it  is  possible  to  consider  that  the  repre- 
sentative of  the  Merostomata  lived  in  Algonkian  time.  The  evidence  is 
not  conclusive,  but  I  am  unable  to  make  as  satisfactory  comparison  of 
the  fragmentary  remains  with  any  other  crustacean.  They  certainly  do 
not  belong  to  the  Trilobita.  It  may  be  that  they  represent  the  ancestral 
form  from  which  the  Trilobita  and  the  Merostomata  were  derived. 

For  the  purpose  of  comparison,  some  illustrations  of  recent  forms  of 
the  Merostomata  are  given  on  plate  28.  The  flattened  telson,  figure  18 
of  plate  25,  may  be  compared  with  figures  2  and  6  of  plate  28.  A  much 
more  extended  series  of  comparisons  may  be  made  by  examining  the 
illustrations  of  the  Merostomata  given  by  Woodward,  Hall,  and  Schmidt.* 
It  is  the  purpose  of  this  preliminary  notice  to  call  attention  only  .to  the 
fact  of  the  presence  of  a  large,  highly  organized  crustacean  in  Algonkian 
rocks  far  below  the  horizon  at  which  traces  of  the  Merostomata  have 
hitherto  been  found,  the  oldest  known  being  from  the  Utica  shale  of 
central  New  York. 

Beltina  danaiy  n.  sp. 

(Platos25,  26,  27.) 

The  general  characters  of  this  species  have  already  been  referred  to  in 
the  remarks  under  the  genus  Beltina.  The  particular  form  to  which  the 
specific  name  is  given  is  that  represented  by  the  Pterygotus-like  telson, 
figure  18  of  plate  25,  the  body  segment  represented  by  figure  3,  the  head 
represented  by  figure  1,  and  the  fragments  of  the  chelate  appendage  rep- 
resented by  figures  13  and  14. 

Formatvrti  and  localities  yielding  Beltina  danai. — Algonkian,  Greyson 
.shales;  Deep  Creek  canyon,  near  Glenwood,  and  Sawmill  canyon,  4  miles 
above  Neihart,  Montana. 

Explanation  op  Plates 

Plate  23. — Oryptozoont  occvdeniak. 

FiGURK  1. — Photograph  of   a  thin-section   showing  portions  of  two  fragments. 

Natural  size. 

FiorRR  2. — Enlargement  of  the  lower,  smaller  fragment  shown  in  figure  1. 

FiouRcs  3,  4.— Photographs  of  two  thin-sections  occurring  in  the  same  stratum  of 

rock  as  that  represented  by  figure  1. 


•Monograph  of  British  Fossil  Crustacea;  Paleontology  of  New  York,  vol.  iii ;  M^m.  Imp.  Acml. 
gii.  IV*ter*bourg,  seventh  series,  vol.  xxxi. 

XXXV— Bull.  Gkoi^  Soc.  Am.,  Vol.  10,  1808 
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Plate  24. — Annelid  Trails  on  Grayson  Shales 

Helminthoidichnites  t  neihartensis 

FiauRB  1. — Two  nearly  parallel  trails,  with  many  small,  dark,  thin,  flattened, 

usually  circular  concretions  attached  to  them. 

FioruR  2.— Apparently  a  single  trail  made  by  the  animal  turning  alx)ut  and  finally 

returning  nearly  on  the  line  of  the  first  trail.    There  are  not  as  many 
concretions  as  in  figure  1. 

Figure.  3. — Enlargement  of  one  of  the  small  disc-like  concretions  associated  with 

figures  1  and  2. 

Figure  4.— Same  as  figures  1  and  2,  but  with  many  convolutions.    This  form  is 

less  common  than  the  straight  and  partially  curved  trails  shown  by 
figures  1  and  2. 

HelmiriUioidichnites  t  spiralis 

Figures  5,  (J. — Two  figures  illustrating  the  typical  form  of  trail  made  by  this  curious 

species. 

HelminihoidichniUs  meekii 

Figure  7. — Illustration  of  the  type  specimen  of  the  species. 

Planoliies  corrugatus 

FiGuuE  8. — Exterior  cast  of  the  burrow  made  by  medium-size  annelid  in  silicious 

mud  now  forming  the  shales  carrying  Beltina  danai. 

Planoliies  superbus 

Figure  9. — A  portion  of  the  cast  of  a  long  burrow  occurring  in  a  sandy  shale  inter- 

be<ided  in  the  Beltina  danai  shales. 
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Plate  25. — Cruttacean  Remains  from  Grayson  Shales 

Beltina  danai 

Figure    1. — Specimen  which  appears  to  represent  the  head.     Fij^re  2  is  greatly 

compressed  and  distorted  in  front  and  probably  belongs  to  another 
species.     Natural  size. 

Figure    3. — A  segment  of  the  body. 

Fir.uKK    4. — Portion  of  an  appendage  with  four  joints  indicated.    Magnified  3  times. 

FiGUKE    5. — An  unidentified  fragment  with  a  small  terminal  curved  spine.     Magni- 
fied 4  times. 

Fi(iURB    6- — An  appendage  with  two  large  basal?  joints  and  two  smaller  terminal 

joints.     Magnified  2  times. 

Figure    7. — Appendages  with  a  large  basal  ?  joint  and  four  smaller  joints  indicated. 

Natural  size. 

FuiURE    8. — Appendage  with  very  large  basal  ?  joint  and  several  small  joints. 

Figure    9. — Ap])endage  with  fragment  of  large  basal  ?  joint  and  several  small  joints. 

Figure  10. — Two  appendages  that  are  apparently  attached  to  a  single  basal  ?  joint. 

FiGURB  II. — Appendage  with  a  broad  basal  ?  joint. 

Figure  12. — Appendage  with  a  broad  basal  ?  joint.    Several  fine  set«e  or  spines  are 

attached  to  it.    Magnified  3  times. 

FuiURB  13. — Movable  ramus  of  a  chelate  appendage,  with  traces  of  teeth. 

FiciURE  14. — Broken  fixed  portion  of  a  chelate  ap)>endage,  with  traces  of  teeth. 

Figure  15. — Several  specimens  of  this  chan\cter  occur  in  the  collection. 

Figure  16. — Jointed  appendages  very  much  compressed  and  distorted. 

Fu;uKE  17. — Jointed  appendage. 

FiouuB  18. — ^Telson  preserving  a  central  ridge. 
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Plate  26. — Oretacean  Remains  from  Grayson  Shales 


Beltina  danai 


Figure  1. — Fragment  of  a  large  body  segment  or  a  portion  of  the  head  shield. 


FiGi'RKS  2,  3.— Probably  the  broad  terminal  joints  of  a  swimming  appendage. 


Figure  4. — Supposed  telson  of  a  lai>|^  Eurypterus-like  crustacean. 


Figure  5.— Fragment  of  a  telson  similar  to  that  represented  by  figure  4. 


Figures  (5,  7.  —Fragments  of  supposed  large  jointed  appendages. 


Figure  8. — An  appendage  that  is  compressed  to  a  thin  scale  on  the  shale. 
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Plate  27. — Belt,  AvaJUm,  and  Grand  Canyon  Terrane  Fossils 

Eurypterus  lanceolatus,  Salter 

FiGURB  1. — Photograph  after  Salter's  figure :  Monograph  of  British  Fossil  Crustacea, 
order  Merostomata,  plate  28,  figure  2. 

Beltina  danai 

f  iGUKKS  2,  3,  4.— Fragments  of  folded  and  broken  test  associated  with  Beltina  dnnai. 

Figure  2  magnified  3  times,  figure  4  magnified  3  times. 

FiGURB  5. — Fragment  of  an  appendage. 

FiGURB  6. — Probably  the  broad  terminal  joints  of  a  swimming  appendage. 

AspidelUt  terranomca 
Figures  7,  8. — Type  specimens  in  collection  of  the  Geologic^  Survey  of  Canada. 

Brachiopod  t 
FiGUKB  9.— S|)ecimen  mentioned  in  the  text.    Magnified  2  times. 

Crustacean  t 
Figure  10.— Fragment  mentioned  in  the  text.    Magnified  3  times. 

Hyoliihes  t 
Figure  U. — Specimen  mentioned  in  the  text. 

Chuaria  cireularis 

Figures  12,  13.— Two  typical  specimens  as  they  occur  compressed  in  the  shale. 

Magnified  6  times. 

AspideUat  sp.     ? 

Figure  14. — .\  large  flattened  specimen,  showing  central  apex  and  obscure  radiat- 
ing lines. 

Figure  15. — Group  of  specimens  illustrating  variation  in  size.     All  appear  to  be 
casts  of  the  inner  side. 
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Plate  28. — Figures  for  Comparison 

The  figures  on  this  plate  are  introduced  as  a  means  of  comparing  the  fragment^! 
illustrated  on  plates  24  and  25  with  known  fonns  of  the  Merostomata. 

Pterygotus  anglicus 

Figure  1. — Restoration  of  the  under  side,  after  Woodward:  Monograph  of  Britisli 
Fossil  Crustacea,  order  Merostomata,  plate  8,  figure  2. 

Figure  2.— Upper  side  of  telson  of  same. 

Eurypterus  remi^xs 

Fiourk  3.— Telson  and  three  posterior  segments  of  the  body,  after  Hall:  Paleon- 
tology of  New  York,  vol.  iii,  plate  84(i,  figure  1. 

Figure  4.— Under  side  of  head  and  anterior  body  segments,  after  Hall. 

SUmojiia  acuminata 

Figure  5.— Upper  side  of  head  and  anterior  body  segments,  after  Woo<lwanl: 
Monograph  of  British  Fossil  Crustacea,  order  Merostomata,  plate  20, 
figure  1. 

Figure  6. — Telson  of  same. 

StyloHurus 

Figure  7. — Body  segments  and  telson,  after  Woodward :  Monograph  of  British  Fos- 
sil Crustacea,  order  Merostomata,  plate  28. 

Eurypterus 

Fku'resS,  9.— Telsons  referred  to  Eurypterus  by  Salter,  after  Woodward:  Mono- 
graph of  British  Fossil  Crustacea,  order  Merostomata,  plate  28. 
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Fields  of  Observation 

In  examining  certain  deposits  containing  alluvial  gold  which  lie  on  the 
upper  waters  of  the  Missouri,  in  the  state  of  Montana,  my  attention  has 
l>een  called  to  the  occurrence  of  accumulations  of  loess  now  in  process 
of  formation.  So  far  as  their  extent  or  depth  is  concerned,  these  layers 
of  wind-blown  material  are  hardly  worthy  of  remark ;  but  they  have  a 
peculiar  value  as  indices  of  certain  alterations  of  climate  which  have  oc- 
curred in  relatively  recent  times,  and  they  are,  moreover,  agents  of  change 
in  the  regimen  of  the  streams  of  that  district.  The  facts  which  are  here  pre- 
sented were  gathered  mainly  in  the  district  bordering  on  the  Ruby  river, 
commonly  designated  on  the  maps  as  the  Stinking  Water,  a  branch  of  the 
Jefferson,  on  the  upper  reaches  of  the  Missouri,  near  Helena,  and  in  the 
Butte  district.  Incidentally,  notes  were  made  in  other  })arts  of  Montana 
and  in  Utah.  The  greater  portion  of  the  information  was  obtained  in 
the  pld  placer  washings  of  Alder  gulch,  a  tributary  of  the  Ruby,  and 
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on  the  detrital  cone  of  Alder  creek,  which  lies  in  the  broad  valley  of 
that  river. 

Conditions  determining  Formation  of  IjOKss 

The  observations  which  were  made  justify  the  general  statement  that 
wherever  the  surface  of  this  prevailingly  arid  district  is  moistened  by  tlie 
streams  which  head  in  the  snow-bearing  uplands  we  find  an  accumula- 
tion of  loess  which  in  all  cases  is  somewhat  mingled  with  decayed  vejie- 
table  matter,  the  amount  of  this  matter  being  so  variable  that  the  material 
ranges  from  a  dark  loam  to  an  impure  soft  peat.  The  thickness  of  the 
deposit  varies  from  a  few  inches  to  10  feet  or  more,  being  usually  greatest 
in  depth  where  the  vegetation  covering  the  surface  is  richest  and  where 
on  that  account  the  humus  is  in  largest  proportion.  Eliminating  the 
organic  matter,  it  will  probably  be  found  that  the  extreme  thickness  of 
this  deposit,  except  where  it  has  been  washed  from  its  original  site  and 
accumulated  in  low  places,  does  not  exceed  6  feet. 

The  conditions  of  the  formation  of  this  loess  deposit  may  be  observeil 
at  any  time  when  the  earth  is  dry  and  the  wind  strong  enough  to  lift  tlie 
dust,  as  is  the  case  for  a  considerable  part  of  each  year.  From  the  sur- 
face of  the  benches  of  the  valleys,  as  well  as  from  the  scantily  vegetateil 
lower  parts  of  the  mountain  ranges,  dust  is  blown  to  and  fro  in  large 
quantities.  So  long  as  it  encounters  no  closely  set  vegetation  it  does  not 
come  to  rest.  It  is  only  when  it  finds  its  way  amid  densely  set  plants 
in  the  limited  areas  watered  by  the  snow-fed  streams  that  it  escapes  from 
the  controlling  wind.  In  such  places  it  is  quickly  fixed  to  remain  so  as 
long  as  the  natural  or  artificial  irrigation  continues. 

Effects  of  Ix)ess  on  Streams 

The  first  consequence  of  these  local  accumulations  of  dust  is  to  be  seen 
in  their  effect  on  the  course  of  the  streams  about  which  they  accumulate. 
The  fine  detritus  makes  a  very  rich  soil,  so  that  a  luxuriant  vegetation  is 
nurtured.  This  tangle  is  likely  to  obstruct  the  movements  of  the  water, 
as  the  detritus  brought  down  in  times  of  flood  lacks  the  chance  of  lateral 
escape  which  is  commonly  afforded  on  detrital  cones  where  loess  is  not 
thus  deposited.  The  result  is  that  the  bed  of  the  rivulet  soon  becomes 
so  far  raised  that  it  is  forced  to  break  a  new  path,  but  so  long  as  the  water 
is  confined  by  the  dense  wall  of  vegetation  on  either  side  it  is  forced  to 
convey  its  burden  farther  out  into  the  valley  than  would  be  the  case  on 
ordinary  barren  cones.     Probably  it  is  to  this  action  that  we  may  attrib- 
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ute  the  relatively  slight  slope  of  the  detrital  cones  in  this  arid  district, 
which  often  have  a  declivity  of  no  more  than  30  or  40  feet  to  the.  mile. 
This  small  measure  of  slope  is  perhaps  in  part  due  to  the  fine  silt  which 
they  obtain  from  the  loess  deposits  which  are  continually  forming  in  the 
fields  adjacent  to  their  beds.  Owing  to  this  overburden  of  sediment,  the 
.scouring  power  of  the  water  becomes  very  small. 

The  exceedingly  muddy  character  of  the  waters  of  the  Missouri  may 
U)  a  great  extent  be  explained  by  the  above  noted  peculiarity  in  the  de- 
livery of  fine  silt  to  its  stream.  As  in  other  rivers  which  drain  rather 
arid  districts,  the  torrents  and  even  the  main  branches  of  the  greater 
streams  are  very  extensively  supplied  with  wind-blown  detritus.  In  fact, 
the  supply  of  fine  debris  thus  brought  to  the  streams  is  much  greater 
than  would  be  afforded  them  in  a  humid  region,  in  which  there  was  no 
wind  erosion  and  where  the  only  seat  of  its  production  was  the  narrow 
zone  of  the  torrent  beds.  In  this  arid  district  of  Montana  the  delivery 
of  finely  divided  rock- waste  goes  on  quite  as  effectively  as  it  does  in  ordi- 
nary humid  countries,  for  the  reason  that  in  the  time  of  melting  snows 
and  of  torrential  showers  (the  so-called  cloud-bursts)  the  torrents  are  as 
numerous  and  for  a  time  as  efficient  in  cutting  and  carrying  pulverized 
rock  as  they  are  in  any  district  I  have  examined.  To  this  normal 
silt-making  action  is  here  superadded  that  brought  about  by  the  dust 
which  has  been  swept  by  the  wind  to  the  strip  of  humid  and  therefore 
vegetative  ground.  In  this  position  the  stream,  in  its  normal  swing- 
ings, is  sure,  within  a  limited  time,  to  erode  it.  In  the  manner  above 
noted  it  comes  about  that  a  very  large  part  of  the  finely  divided  rock 
matter  of  this  arid  district,  though  not  produced  in  the  normal  manner 
by  the  torrents,  is  carried  through  the  air  to  the  lower  reaches  in  the 
broad  valleys,  and  is  there  held  by  vegetation  until  it  is  taken  up  by  the 
stream  and  borne  to  the  main  rivers.  A  portion  of  this  cordilleran  dust 
apparently  escapes  from  the  mountain  region  and  is  deposited  on  the 
plains  to  the  eastward,  there  also  in  places  mainly  adjacent  to  the  rivers, 
where  it  is  likely  to  be  taken  up  by  their  water. 

Stratigraphic  Rklationships  and  Age  of  the  Loess 

The  most  important  geological  indications  afforded  by  theloess  deposits 
of  the  cordilleran  valleys  are  derived  from  the  relation  of  the  beds  to 
those  on  which  they  lie.  Wherever  I  have  seen  this  contact  it  is  toler- 
ably sharp.  In  most  instances  the  underlying  material  is  coarse  sand 
or  fine  gravel,  which  rapidly,  within  10  feet  or  less  of  depth,  verges  into 
a  pebbly  or  bouldery  bed.    These  deposits  do  not  contain  any  distinct 
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trace  of  wind-blown  detritus.  The  evidence,  in  a  word,  goes  to  show 
that  the  passage  from  conditions  of  considerably  greater  rainfall  than 
exists  at  present  to  the  existing  arid  state  was  quickly  and  recently 
brought  about.  This  former  rainfall  gave  the  torrents  much  greater 
transportative  force  than  they  have  at  present,  and  thus  maintaineil  in 
the  r^ion  they  occuj)ied  a  coating  of  vegetation  sufficiently  dense  to 
prevent  the  scouring  action  of  the  winds.  As  yet  I  have  not  succeeded  in 
finding  any  satisfactory  basis  on  which  to  found  an  estimate  of  the  time 
which  has  elapsed  since  this  change  occurred,  but  the  impression  made 
upon  the  observer  is  that  it  cannot  well  exceed  a  few  thousand  years.  It 
may  possibly  have  been  coincident  with  the  closing  stages  of  the  Glacial 
period,  but  it  appears  to  have  been  very  much  more  recent. 

In  certain  parts  of  central  Montana  which  I  have  carefully  observed, 
the  record  of  the  detrital  cones  can  be  traced  back  from  the  present  day 
to  a  time  which  clearly  long  antedates  the  last  glacial  period.  This  time 
is  recorded  by  cemented  arkoses,  so  hard  that  they  have  been  mistaken 
by  fairly  good  observers  for  the  ancient  schists,  and  associated  thick  de- 
posits of  volcanic  ash,  the  latter  particularly  abounding  in  the  valley  of 
Ruby  river — ash  derived  from  cones  which  are  now  reduced  to  ruin.  At 
no  point  in  the  many  sections  which  I  have  examined  are  ancient  de- 
posits of  loess  shown.  So  far  as  this  negative  evidence  may  be  trusted, 
it  indicates  that  the  present  arid  condition  of  this  part  of  the  cordilleraa — 
that  is,  the  valley  of  the  upper  Missouri — is  exceptional. 

The  evidence  that  the  time  during  which  the  existing  dry  condition 
of  central  Montana  has  not  been  long  continued  which  is  afforded  by 
the  prevailing  thinness  of  the  loess  deposits  is  supported  by  the  indica- 
tions as  to  the  slight  effect  which  wind  erosion  has  as  yet  had  upon  the 
topographic  details  of  this  district.  That  this  form  of  erosion  though 
now  active  has  not  been  long  continued  is  clearly  indicated  by  the  pre- 
vailing sharpness  of  the  water-sculpturing  of  the  lesser  reliefs,  such  as 
are  to  be  found  here  and  there  in  the  now  arid  valleys.  Thus  at  a  point 
wliere  Alder  gulch  opens  into  the  broad  and  extremely  arid  valley  of 
Ruby  river  a  detached  boss  of  gneissic  rock,  rising  to  the  height  of  40  or 
50  feet  above  the  level  of  the  neighboring  valley,  in  a  position  where  it 
is  much  exposed  to  the  action  of  the  blown  dust,  is  very  scantily  worn. 
It  requires,  indeed,  close  observation  to  detect  any  evidence  of  cutting 
action  such  as  dust-laden  winds  effect.  Like  conditions  may  be  ob- 
served at  many  other  points  in  this  and  neighboring  valle3^s.  So,  too, 
with  the  pebbles  of  the  mesa-like  benches  resulting  from  the  erosion  of 
the  ancient  lacustrine  deposits.  These  fragments  are  as  yet  but  little 
worn  by  the  wind-blown  sands,  and  this  wearing  appears  to  be  limited 
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to  the  pebbles  now  exposed — a  feature  which  shows  that  the  surface  has 
not  been  perceptibly  lowered  by  eoliau  erosion. 

Influences  affecting  Formation  of  Loess 

vegetation 

A  comparison  of  the  rock  surfaces  of  the  vegetated  uplands,  where  no 
wind  erosion  occurs,  with  those  of  the  near-by  arid  valleys,  where  this 
action  is  at  present  going  on,  shows  a  perceptible  though  inconsiderable 
difference  in  the  condition  of  the  exposed  rocks  in  the  respective  fields. 
Within  the  high  areas,  where  the  snows  hold  until  late  in  the  spring  and 
gather  early  in  the  autumn,  the  well  watered  soil  is  completely  bound  by 
the  growth  of  trees  and  lesser  plants,  so  that  it  is  quite  undisturbed  by 
the  movements  of  the  air.  To  this  upland  realm  no  dust  is  borne,  ex- 
cept a  little  of  an  extremely  fine  nature.  Here  we  find  the  rock  faces 
as  clearly  the  work  of  water  or  of  ice  as  they  are  in  any  part  of  the  Ap- 
palachian district.  There  are,  moreover,  no  traces  of  loess  deposits  dis- 
closed along  the  banks  of  the  streams  or  in  other  positions  where  they 
would  naturally  be  found.  It  should  also  be  noticed  that,  as  regards 
the  eolian  wearing,  the  passage  from  the  arid  valleys  to  the  verdant  high 
country  is,  so  far  as  observable,  rather  gradual,  indicating  it  would  ap- 
pear a  progressive  advance,  in  the  process  of  desiccation,  up  to  its  present 
limit.  There  are  no  reasons  for  supposing  that  there  is  at  present  any 
rapid  diminution  of  the  rainfall,  if  indeed  there  is  any  change  of  this 
kind  in  progress. 

FIRES 

The  forests,  except  where  devastated  by  fires,  appear  to  be  holding 
their  lower  margins  in  a  fixed  position,  renewing  the  growth  as  the 
trees  die  of  old  age.  It  is  unhappily  otherwise  where  these  woods 
are  swept  by  fire.  Where  conflagrations  destroy  the  young  ])lant8,  and 
even  where  they  do  no  more  than  burn  the  scanty  covering  of  vegetable 
mould,  the  edge  of  the  wood  is  likely  to  be  pushed  upward  for  the  height 
of  500  or  1,000  feet,  the  area  from  which  the  trees  are  driven  being  occu- 
jiied  by  a  growth  of  lesser  plants  so  scanty  that  they  afibrd  an  insuffi- 
cient protection  to  the  soil.  In  this  way  the  field  open  to  eolian  erosion 
is  being  rapidly  extended. 

I R  RIG  A  TION 

Some  compensation  for  the  increase  in  the  area  which  is  subjected  to 
wind  erosion  through  the  action  of  fire  is  brought  about  by  the  exten  ^ 
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sion  of  irrigation  in  the  naturally  arid  valleys.  If  the  fires  were  pre- 
vented this  effect  would  soon  be  important.  As  it  is,  however,  the 
action  of  the  wind  is  now,  year  by  year,  on  the  increase,  and  will  doubt- 
less be  augmented  in  a  rapid  manner  until  this  process  of  devastation 
is  arrested ;  for  with  each  augmentation  in  the  amount  of  material  in 
the  blast  it  becomes  able  more  effectively  to  destroy  the  lowly  plants 
and  thus  to  obtain  a  larger  share  of  the  soil  matter.  This  fine  matter, 
as  before  noted,  is  carried  to  the  margins  of  the  streams,  whence  it  is 
quickly  taken  to  the  sea.  Acting  in  this  manner  the  wind  is  rapidly 
taking  away  from  the  higher  benches  of  the  valleys  the  at  best  rather 
scanty  layer  of  fine  detritus  which  constitutes  the  true  soil,  leaving  the 
pebbly  waste,  so  that  wide  areas  which  in  time  might  be  won  to  agri- 
culture by  irrigation  from  storage  reservoirs  are  ever  becoming  less  suited 
to  that  use. 

Remedies  for  injurious  Effects  of  Loess-forming 

This  evil  can  be  in  part  met  by  an  adequate  protection  of  the  forests 
from  the  fire  and  by  systematic  plantation,  and  also  by  the  introduc- 
tion from  other  arid  countries  of  species  of  plants  which  are  better 
fitted  to  thrive  in  desert  conditions.  The  relatively  recent  coming  of 
an  arid  climate  to  this  part  of  the  Cordilleras  may  account  for  the  pau- 
city of  species  which  are  adapted  to  a  very  dry  soil.  In  other  fields 
where  like  climatal  conditions  have  endured  for  a  much  longer  time,  as, 
for  instance,  in  the  desert  regions  of  central  Asia,  we  may  hope  to  find 
plants  which  can  be  naturalized  here  and  which  will  aid  in  protecting 
the  soil  from  the  wind. 

Summary  of  Conclusions 

The  foregoing  considerations  may  be  summed  up  as  follows : 

1.  The  loess  deposits  of  central  Montana  indicate  that  the  arid  condi- 
tions existing  in  the  central  section  of  the  Cordilleras  of  North  America 
came  about  suddenly  and  have  been  of  no  very  long  duration.  In  this 
regard  the  area  probably  differs  from  the  districts  to  the  southward. 

2.  The  present  arid  state  followed  immediately  on  a  time  when  the 
streatns  were  much  larger  than  they  are  at  present ;  when  they  were  ahle 
to  build  very  extensive  detrital  cones  which  are  now,  wherever  in  their 
natural' state,  not  receiving  additions  through  the  torrent  work,  but  are 
being  sheeted  in  beneath  loess  deposits. 
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3.  The  essential  absence  of  loess  deposits  interstratified  with  gravels 
indicates  that  the  existing  arid  period  is,  as  regards  modern  geological 
time,  quite  exceptional,  and,  furthermore,  that  since  the  period  when  this 
region  was  the  recipient  of  extensive  showers  of  volcanic  ashes  (perhaps 
the  middle  Tertiary?)  the  district  has  been  too  humid  for  the  formation 
of  wind-blown  deposits. 

4.  At  present  the  process  of  desiccation,  except  so  far  as  it  is  effected 
by  the  burning  of  the  forests,  appears  to  be  arrested — a  fact  which  leads 
to  the  conclusion  that  the  climatal  changes  that  led  to  the  existing  arid 
conditions  are  no  longer  in  the  process  of  development. 

5.  The  process  of  wind  erosion  here,  as  elsewhere  under  like  conditions, 
serves  to  produce  and  transport  a  great  amount  of  fine  detritus  to  the  posi- 
tion where  it  may  be  readily  taken  up  by  the  rivers  and  sent  on  its  way 
to  the  sea ;  the  result  of  this  action  being  at  once  to  increase  the  effi- 
ciency of  the  river  work,  to  greatly  extend  the  area  of  effective  erosion, 
and  to  overburden  the  streams  v^th  fine  sediment.  Incidentally  it  serves 
to  diminish  the  down-cutting  of  the  upper  parts  of  a  river  system,  those 
just  below  the  true  torrents,  in  which  the  arid  conditions  most  occur  by 
overloading  the  water  with  the  transportable  material.  Thus  in  an  arid 
mountain  region,  such  as  we  are  considering,  there  is  an  upper  zone  of 
true  torrent  work,  and  below  it,  occupying  more  than  half  of  the  whole 
region,  a  valley  zone  where  the  erosion  is  of  a  very  contrasted  nature, 
being  evenly  and  Avidely  distributed  with  an  aerial  delivery  of  the 
detritus  to  the  streams. 

6.  The  facts  suggest  that  the  total  amount  of  erosion  in  an  arid  region 
where  the  work  of  the  wind  is  effective,  in  a  measure  found  in  the  exist- 
ing condition  in  central  Montana,  may  be  much  greater  than  would  be 
the  case  in  a  region  of  far  larger  rainfall,  where  the  assault  on  the  rocks 
is  practically  limited  to  the  torrents;  also  that  the  distribution  of  the 
erosion  in  these  contrasted  climatal  states  may  be  very  diverse — in  the 
humid  aspect  of  the  country  greatest  in  the  highlands ;  in  the  arid, 
most  effective  in  the  broad  lower  valleys. 

7.  The  effect  of  this  wind  erosion  is  rapidly  to  degrade  the  quality  of 
the  soil  there  by  removing  the  fine  material  which  constitutes  the  greater 
part  of  its  value. 

It  is  hardly  necessary  to  suggest  the  desirability  of  inquiries  having 
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for  their  aim  a  determination  as  to  the  relative  amount  of  wind  erosion 
in  different  portions  of  the  cordilleran  regions.  By  means  of  obsen^a- 
tions  of  this  kind  we  may  hope  in  some  measure  to  determine  the  history 
of  the  climate  in  that  part  of  the  continent. 
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Introduction 


Although  few  writers  appear  to  have  concerned  themselves,  in  any 
careful  way,  with  the  question  as  to  the  conditions  which  determine  the 
formation  of  the  fissures  in  which  dikes  and  veins  are  deposited,  they 
commonly  assume  that  these  seats  of  the  accumulations  of  igneous  or 
aqueous  deposited  materials  existed  before  the  intrusive  matter  which 
h:i^  entered  the  rocks  found  its  restino;  place.  The  aim  of  this  paper  is 
to  present  certain  facts  and  considerations  which  serve  to  make  the  steps 
by  which  these  structures  were  fonned  clearer  than  they  now  are.     In 
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this  inquiry  the  phenomena  of  dikes  will  first  be  considered ;  after  that, 
those  of  veins. 

Dike  Fissures 

classes  of  dikes 

Even  a  cursory  examination  of  dike  phenomena  will  show  the  observer 
that  so  far  as  the  fissures  which  these  structures  occupy  are  concerned 
they  are  divisible  into  three  groups :  Those  which  clearly  follow  the 
planes  of  preexisting  joints,  those  which  are  developed  along  the  bedding 
planes  of  stratified  rocks,  and  those  which  more  or  less  deviously  burrow 
their  way  through  the  country  rock  without  availing  themselves  of  either 
of  the  kinds  of  incipient  cracks  which  may  exist  in  the  rocks  they 
traverse. 

MODES  OF  OCCURRENCE 

Not  infrequently  there  may  occur  in  the  same  field  of  dike  action  two  of 
these  types  of  fissures.  More  rarely  all  three  of  them  may  be  found  asso- 
ciated within  a  small  area,  sometimes  in  such  close  juxtaposition  that  a 
single  hand  specimen  may  exhibit  the  several  types  of  penetration,  it 
not  infrequently  occurs  that  the  dike  which  forces  its  way  upward  by 
developing  the  joint  planes  here  and  there  extends  laterally  through  the 
bedding  planes  for  great  distances,  and  this  when  the  beds  are  horizontal 
and  the  intruding  sheets  of  exceeding  tenuity;  they  may,  indeed,  not 
exceed  a  few  millimeters  in  thickness.  Under  certain  rarely  occurring 
conditions  a  dike  intruded  between  layers  of  sedimentation  may,  as  Gil- 
bert has  shown,  cease  to  move  onward  as  a  sheet  of  even  thicknesj*. 
When  this  process  of  development  is  arrested  before  the  thrust  from  below 
ceases  to  operate,  the  relief  is  accomplished  by  the  process  of  uplifting 
the  overlying  masses  forming  a  local  vertical  enlargement  of  the  intruded 
lava  in  the  form  well  termed  "  laccolite."  Such  upward  movement  of 
the  overlying  beds  most  likely  occurs  in  the  intrusion  of  all  the  greater 
sills,  though  some  of  them  of  smaller  size  may  be  formed  without  any 
uprising  of  the  surface,  the  space  being  won  through  the  compression  of 
the  rocks,  due  to  the  in- wedging  action  of  the  dike.  This  is  probably 
the  commonest  form  of  relief  in  the  case  of  the  ordinary  vertical  or  joint- 
following  dikes. 

Effect  of  Heat  on  Walls 

It  is  noticeable  that  in  nearly  all  dikes  save  those  of  exceptionally 
great  width  the  effect  of  the  heat  of  the  material  on  the  walls  of  country 
rock  has  been  but  slight.     It  is  rarely  sufficient  to  produce  any  fusion 
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of  that  rock,  even  where  the  constitution  of  the  material  is  such  as  to 
fiwor  melting  at  anything  like  the  temperature  which  must  have  existed 
in  the  mass  of  the  lava.  It  is  otherwise  where  the  dike  has  burrowed 
its  way  through  the  deposits  it  has  penetrated  without  following  distinct 
joints  or  bed  planes.  In  these  instances  there  is,  so  far  as  I  have  been 
able  to  observe,  always  abundant  evidence  that  the  igneous  matter  has 
absorbed  or  fused  a  large  part  of  the  country  rock  which  occupied  the 
position  of  the  intruded  mass.  This  difference  in  the  effect  of  the  dike 
materials  in  the  rifting  and  the  burrowing  dikes — that  is,  those  which 
follow  the  planes  of  distinct  beds  or  joints  and  those  which  do  not  do 
30 — is,  as  we  shall  see,  a  m&tter  of  much  importance.  With  these  fea- 
tures of  dike  fissures  in  mind,  let  us  proceed  to  consider  the  conditions 
under  which  these  fissures  are  riven. 

Influence  of  Stratification 

It  is  commonly  though  tacitly  assumed  that  there  is  some  distinct 
injecting  action  which  drives  the  liquid  rock  into  the  fissures  of  the  solid 
overlying  strata,  but  I  am  not  aware  that  any  effort  has  been  made  to 
show  exactly  how  such  an  action  is  effected.  Let  us  imagine  a  fluid 
mass,  however  developed,  lying  beneath  the  deep  covering  of  overlying 
dolid  material.  Are  we  to  conceive  that  the  dikes  are  formed  as  the  re- 
suit  of  a  disruptive  action,  such  as  that  which  rends  a  bursting  shell  or 
steam  boiler?  Clearly  such  is  not  the  fact,  for  in  that  work  the  whole 
of  the  covering  would  be  rent  and  the  escaping  lava  would  attain  the 
surface.  This  point  is  made  the  clearer  by  the  fact  that  in  the  formation 
of  laccolites  the  overlying  strata,  which  by  their  extension  should  give  pas- 
sage for  the  lava  of  the  congested  sill,  are  not  often  the  seat  of  numerous 
vipward  going  dikes  leading  from  the  main  mass.  Even  when  these  over- 
lying rocks  are  apparently  normally  jointed,  there  appears  to  be  some 
reiison  why  these  incipient  fractures  are  not  readily  opened  to  the  molten 
rock.  It  seems,  indeed,  that  in  certain  cases  a  section  of  stratified  rock 
may  present  conditions  which  favor  the  formation  of  sills  extending  for 
jjreat  distances  in  approximately  horizontal  directions,  in  directions  in 
which  no  diminution  of  pressure  is  obtained,  while  a  vertical  course  of 
the  injected  materials  is  to  a  great  extent  hindered  by  the  conditions 
mentioned. 

Influenck  of  Jointino 

In  other  instances,  the  greater  number  of  those  in  which  dikes  pene- 
trate stratified  rocks,  the  path  of  the  dike  materials  is  along  the  joints,  a 
preference  being  given  to  those  which  lie  nearest  the  vertical  position. 
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In  these  cases,  although  the  bedding  planes  may  be  extremely  well  de- 
veloped, so  that  the  layers  may  be  separated  with  the  greatest  ease,  while 
the  joints  are  very  closely  ad  pressed,  the  intrusions  persistently  follow 
the  paths  of  these  close  fissures,  entirely  neglecting  the  opportunity  to 
extend  between  the  beds. 

Combination  Dik>:s 

In  yet  other  and  exceptional  occurrences  a  dike  may  be  formed  which 
has  burrowed  its  way  upward  without  the  advantage  afforded  it  by 
following  distinct  joint  planes,  while  from  point  to  point  it  has  given  off 
'sills  which  have  entered  readily  between  the  strata,  extending  it  may 
be  into  very  thin  sheets.  Excellent  examples  of  such  combinations  of 
dikes,  in  which  great  opportunity  of  vertical  extension  through  layers  of 
rock  is  combined  with  exceeding  ease  in  the  development  of  sills,  may 

« 

be  observed  in  the  highly  metamorphosed  slates  along  the  Missouri 
river,  near  Helena,  Montana,  especially  in  the  boulders  at  the  abandoned 
placers  on  the  banks  of  that  stream. 

Causes  of  Diversity  in  Dikes 
effect  of  rock  structure 

m 

The  wide  differences  in  the  behavior  of  injected  lavas  when  they  cover 
stratified  deposits  appear  to  indicate  some  conditions  serving  to  deter-  ' 
mine  their  path  other  than  those  afforded  by  the  force  which  forces  them 
upward  or  the  extent  to  which  the  walls  of  the  joint  or  bedding  planers 
adhere.  The  facts  seem  to  indicate  that  in  certain  cases  these  joint  fis- 
sures readily  open  and  give  passage  to  the  fluid  rock,  while  in  others,  in 
no  evident  manner  different,  they  resist  the  entrance  of  the  dike  matter 
in  an  obstinate  way.  The  question  is  as  to  the  cause  or  causes  of  these 
variations. 

The  first  suggestion  that  may  be  made  as  to  the  cause  of  the  diverijity 
which  we  note  in  the  paths  of  dikes  through  stratified  rock  is  that  it  is 
due  to  the  relative  ease  with  which  the  fluid  rock  forced  its  way  toward 
the  zone  of  diminished  pressure  at  or  near  the  surface.  This  view  is, 
however,  not  reconcilable  with  observations  which  may  be  made  in  any 
region  where  sills  abound.  It  may  be  there  seen  how  improbable  it  is 
that  the  igneous  matter  gained  in  nearness  to  the  surface  by  extending 
into  the  sills. 

In  certain  cases  where  the  beds  are  tilted  the  extension  along  the  up- 
ward inclined  bedding  planes  may  have  furnished  a  way  toward  the  air; 
but  such  conditions  are  rare. 
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In  the  greatest  number  of  instances  the  opening  of  the  space  occupied 
by  the  sill  must  have  been  accomplished  by  the  bodily  uplifting  of  the 
overlying  mass  of  strata ;  yet  the  inducement  of  lessened  pressure  could 
not  apparently  have  been  the  only  action  which  led  to  the  formation  of 
the  far-extending  and  often  relatively  very  thin  sheet  of  dike  matter. 

In  some  examples  the  sills  may  be  observed  to  deflect  somewhat 
downward  from  their  original  pathway,  when  the  extended  overlying 
beds  should  have  afiforded  an  easier  passage  by  way  of  the  joints. 

EFFECT  OF  WA  TER 

Unable  to  find  any  other  working  hypothesis  concerning  the  develo|)- 
ment  of  the  paths  of  dike  injections  which  aids  us  in  understanding  the 
curious  conditions  of  their  movements,  I  have  ventured  on  the  conjec- 
ture that  their  course  is  in  part  at  least  determined  by  the  presence  or 
absence  of  water  in  the  incipient  crevices — ^that  is,  the  joints  or  bedding 
planes — or  in  the  relative  quantity  of  that  material  in  those  planes.  Let 
MS  suppose  that  the  molten  rock  comes  in  contact  with  such  an  incipient 
fissure  containing  water,  either  free  or  in  connection  with  the  rock  on 
either  side  of  the  crevice.  The  effect  would  be  to  vaporize  this  water,  or, 
if  the  pressure  at  the  given  depth  were  too  great  to  permit  vaporization, 
at  least  to  bring  about  an  expansive  strain,  which  would  help  to  open  the 
space  to  the  entrance  of  the  lava.  Should  the  pressure  engendered  by 
this  process  of  vaporizing  be  less  than  that  which  impelled  the  igneous 
matter  from  below,  as  would  doubtless  usually  be  the  case,  this  matter 
would  begin  to  enter  the  rent.  If  the  pressure  due  to  the  vapor  were  by 
chance  greater  than  that  impelling  the  lava  it  would  for  the  time  be  de- 
barred from  that  path.  It  is  perhaps  not  to  be  supposed  that  in  ordinary 
conditions  the  pressure  due  to  the  expansion  of  water  vapor,  even  in  the 
bi;,'h  temperature  which  the  presence  of  the  fluid  rock  would  occasion, 
would  of  itself  bring  about  the  opening  of  the  crevice,  but  this  action 
might  cooperate  with  that  of  the  diking  material  in  determining  the 
course  it  would  follow. 

At  first  sight  there  appears  to  be  a  fundamental  difficulty  in  this  hy- 
pothesis, in  that  it  does  not  provide  a  way  by  which  the  vapor  of  the 
water  generated  in  the  fissure  could  be  disposed  of.  On  consideration, 
however,  it  seems  eminently  probable  that  relief  might  be  found  in  either 
or  both  of  two  ways.  The  stratified  rocks  would  be,  it  may  be  assumed, 
more  permeable  to  vapor  than  they  are  to  the  injected  fluid,  so  that  there 
might  be  some,  though  most  likely  a  slow,  escape  provided  in  that  man- 
ner; it  is  even  more  likely  that  the  vapor  would  be  absorbed  into  the 
molten  rock  either  mechanically  or  in  connection  with  chemical  changes, 
or  these  actions,  resulting  in  the  removal  of  the  vapor,  may  be  combined. 
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It  must  be  acknowledged  that  these  processes,  though  essential  to  the 
hypothesis,  are  somewhat  conjectural,  but  they  appear  to  be  in  the  field 
of  legitimate  supposition. 

VARIATION  IN  MOISTURE  OF  ROCK  STRUCTURES 

Reviewing  the  phenomena  of  dikes  in  the  light  of  the  above  noted 
working  hypothesis,  we  see  that  they  beco:ne  more  intelligible  than  they 
now  are.  Thus,  as  those  who  have  studied  in  deep  mines  have  learned, 
there  is  a  great  difference  in  the  extent  to  which  joints  and  beddintr 
planes  contain  water.  Some  are  quite  dry,  others  hot.  It  is  not  unlikely 
that  this  difference  continues  to  a  much  greater  depth  than  our  observa- 
tions extend.  The  difference  is  even  greater  in  the  case  of  bedding 
planes  where  the  water  spaces  are  likely  to  be  more  extensive  and  where 
the  layers  of  rock  may  be  charged  with  the  fluid.  The  variations  in  this 
feature  are  obviously  great,  some  sections  of  strata  having  the  separate 
members  loosely  united,  while  in  others  they  are  firmly  knit  together. 
Considering  these  differences,  we  may  conceive  that  when  dike  materials 
seek  to  force  their  way  upward  they  may  be  guided  in  this  movement 
by  the  aid  which  they  receive  in  opening  their  paths  through  the  action 
of  the  expanding  vapors.  Where  the  vapors  are  readily  generated  in 
the  bedding  planes  and  not  in  the  joints,  the  lava  will  be  deposited  as 
sills.  Where  the  joints  tend  to  be  opened  by  the  steam  while  there  is 
no  like  action  in  the  bed  planes,  no  sills  will  be  formed.  Where,  as  is 
not  infrequently  the  case,  the  dike  has  evidently  encountered  difficulties 
in  breaking  its  path  upward,  being  forced  to  make  its  way  without  much, 
if  any,  assistance  from  the  joint  fissures,  either  because  they  are  not  well 
developed  or  because  they  are  very  tight,  we  should  expect  to  find,  as  we 
do  in  fact  often  find,  that  the  sills  are  well  developed.  In  the  case  of 
the  dikes  of  the  above-mentioned  district  near  Helena,  Montana,  this 
feature  of  burrowing  dikes  evidently  formed  with  difficulty,  from  which 
extend  slender  sills,  which  appear  to  have  been  developed  with  relative 
ease,  is  very  apparent. 

Condition  of  Sills 

So  far  as  my  observations  extend,  the  history  of  diking  in  every  well 
stratified  section  shows  that  when  sills  are  formed  they  are  commonly 
produced  in  the  first  invasions  of  the  igneous  rocks,  the  later  injections 
tending  to  follow  the  first  planes.  This  is  the  order  which  we  should 
expect  if  the  contact  of  water  with  the  heated  injections  was  of  impor- 
tance in  developing  the  fissures,  for  where  the  layers  are  so  related  to  one 
another  that  there  is  a  storage  of  water  between  them,  the  quantity  thus 
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contained  is  usually  much  larger  than  is  held  in  joints ;  whereas  it  is 
usually  the  case  in  dikes  which  follow  joint  planes  that  we  find  one  plane 
or  set  of  planes  evidently  affording  a  freer  way  than  others,  and  the 
selection  of  the  path  may  be  explained  by  the  fact  that  the  amount  of 
water  in  different  sets  of  joints  varied  greatly. 

It  is  to  be  noted  in  this  connection  that  in  the  greater  number  of  dikes 
the  effect  of  the  heated  matter  on  tfie  country  rock  is,  as  often  remarked, 
surprisingly  small  considering  the  temperatures  at  which  we  must  sup- 
pose the  diking  matter  entered  the  fissure.  If,  however,  we  assume  that 
the  fluid  rock  comes  in  contact  with  considerable  amounts  of  water  the 
effect  would  be  to  lower  its  temperature.  It  is  true  that  so  far  as  this 
vaporized  water  afterward  combined  with  the  molten  rock  this  effect 
would  be  diminished  ;  yet  the  evidence  in  general  goes  to  show  a  lessen- 
ing of  the  action  of  heat,  which  can  best  be  explained  by  the  supposition 
that  it  is  taken  up  in  part  by  the  vaporizing  process.  On  the  other  hand, 
those  dikes  of  relatively  rare  occurrence,  which  have  made  their  way 
through  rocks  without  following  definite  rifts,  and  therefore  may  be  pre- 
sumed not  to  have  come  in  contact  with  other  than  crevice  water,  often — 
indeed  we  may  say  quite  generally — melt  or  absorb  their  walls,  as  is 
sliown  by  the  absence  of  parallelism  of  the  walls  and  also  by  other 
evidence. 

It  can  not  be  assumed  that  the  considerations  which  have  been  ad- 
duced in  the  foregoing  pages  effectively  verify  the  hypothesis  above  set 
forth,  but  they  point  to  the  conclusion  that  further  study  of  the  matter 
may  bring  about  this  result. 

Vein  Fissures 
dissimilarity  between  dikes  and  veins 

Although  the  early  geologists  were  inclined  to  regard  dikes  and  veins 
as  species  of  one  genus,  it  is  evident  that  they  have  no  other  common 
feature  than  those  dependent  on  the  fact  that  they  alike  occupy  spaces 
which  they  have  won  in  rocks  in  which  they  did  not  originally  belong. 

UNTENABILITY  OF  THEORY  OF  OPEN  FISSURES 

As  regards  the  formation  of  the  fissures  in  which  veins  are  contained — 
the  point  with  which  we  are  here  concerned — the  original  view  was  to 
the  effect  that  these  rents  were  freely  open  at  the  time  when  the  de- 
posits were  laid  on  their  walls.  This  view  has  been  generally  aban- 
doned— at  least,  in  its  unqualified  form — though  it  is  perpetuated  in 
many  of  our  text  books.  The  evidence  concerning  the  formation  of  vein 
fissures  goes  to  show  that  only  rarely  could  veins  have  been  deposited  in 
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widely  open  fissures;  such  rents  have  occasionally  been  observed  in 
mines  at  considerable  depth  beneath  the  surface,  but  within  the  zone 
where  the  greater  part  of  the  vein  building  takes  place  we  may  fairly 
presume  that  the  pressure  is  such  as  would  prevent  the  development  of 
freely  open  crevices.  Such,  indeed,  could  not  be  maintained  at  the  depth 
of  even  3  miles  below  the  surface,  except  they  were  filled  with  water  which 
had  no  chance  to  escape  upwardly  as  fluid  or  vapor.  The  only  kind  o( 
fissure  which  could,  except  for  the  presence  of  water,  be  maintained  at 
any  great  depth  would  be  such  as  were  formed  by  faults,  the  walls  of 
which  were  not  perfectly  parallel — a  condition  of  all  faults — so  that  when 
slipped  apart  one  from  another,  though  closely  adpressed,  a  winding 
cavity  would  be  formed  by  the  contact  of  the  warped  surface-^ ;  but  it  is 
doubtful  if  even  such  openings  could  be  maintained  at  the  depths  where 
most  veins  are  deposited.  The  well  known  fact  that  veins  usually  con- 
tain here  and  there  masses  of  the  country  rock  which  have  been  forced 
out  of  position  laterally  by  the  formation  of  the  vein  matter,  but  have 
not  fallen  downward,  and  that  in  no  case  within  my  observation  has  a 
mass  of  the  country  rock  disapi)eared  in  a  way  to  suggest  such  down- 
falling,  shows  pretty  clearly  that  the  deposition  in  wide  veins  rarely  if 
ever  occurs  in  previously  open  fissures;  that  is,  those  in  which  there  ia 
a  cavity  having  an  area  anything  like  that  occupied  by  the  completed 
vein.  It  therefore  becomes  a  question  as  to  the  mode  in  which  the  vein 
material  finds  its  way  to  the  place  of  deposition. 

ILLUSTRATION  OF  VEIN-FORMINO  FROM  OEODES 

Some  light  on  the  foregoing  question  appears  to  be  afforded  by  ob- 
servations which  may  be  readily  made  on  the  formation  of  geodes.  As 
is  well  known,  these  bodies  in  their  typical  form  are  spheroidal  masse?, 
usually  of  quartz,  which  are  formed  essentially  in  the  manner  of  veins. 
They  may,  indeed,  be  termed  globular  deposits  in  this  class ;  in  fact, 
by  extending  the  inquiry  over  a  large  field  I  have  been  able  to  trace  a 
tolerably  complete  series  of  forms  from  spherical  geodes  to  ordinary  fis- 
sure veins,  a  series  sufficiently  without  breaks  to  warrant  the  assumption 
that  all  these  bodies  belong  in  one  category.  A  study  of  these  geodes  as 
they  occur  in  Kentucky  and  elsewhere,  especially  in  the  shales  of  the 
sub-Carboniferous  rock,  has  afforded  me  some  interesting  and  instruct- 
ive suggestions  concerning  the  process  of  vein -making  which  I  will  now 
briefly  set  forth. 

Normal  geodes  are  hollow  spheroids  and  are  generally  found  in  shales. 
They  clearly  represent  in  most  cases  a  segregation  of  silica,  which  has 
evidently  taken  place  under  conditions  of  no  very  great  heat,  brought 
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about  by  deep  burial  beneath  sediments  or  other  sources  of  temperature. 
It  is  difficult  in  all  cases  to  observe  the  circumstances  of  their  origin,  but 
in  certain  instructive  instances  this  can  be  traced.  It  is  there  as  follows  : 
Where  in  a  bed  in  which  the  conditions  have  permitted  the  formation 
of  geodes  the  calyx  of  a  crinoid  occurs,  the  planes  of  junction  of  the  sev- 
eral plates  of  which  it  is  composed  may  become  the  seat  of  vein-building. 
As  the  process  advances  these  plates  are  pushed  apart  and  in  course  of 
time  enwrapped  by  the  silica  until  the  original  sphere  may  attain  many 
times  its  original  diameter  and  all  trace  of  its  origin  lost  to  view,  though 
it  may  be  more  or  less  clearly  revealed  by  breaking  the  mass. 

In  the  process  of  enlargement  which  the  geodes  undergo  they  evidently 
provide  the  space  for  their  storage  by  com|)ressing  the  rock  in  which  they 
are  formed.  In  the  rare  instances  where  I  have  been  able  clearly  to  ob- 
serve them  in  their  original  position  they  were  evidently  cramped  against 
the  country  rock,  the  layers  of  which  they  had  condensed  and  more  or 
less  deformed.  Although  when  found  upon  the  talus  slopes  or  the  soil 
these  spheres  usually  contain  no  water  in  their  central  cavities,  these 
spaces  are  filled  with  the  fluid  while  they  are  forming  and  so  long  as 
they  are  deeply  buried.  There  can  be  no  doubt  that  this  water  is  under  I 
a  considerable  though  variable  pressure.  ' 

The  conditions  of  formation  of  spheroidal  veins  or  geodes  clearly  indi- 
cate that  an  apparently  solid  mass  of  crystalline  structure  may  be  in 
effect  easily  permeated  by  vein-building  waters,  and  this  when  the  tem- 
peratures and  pressures  could  not  have  been  great.  It  is  readily  seen 
that  the  walls  of  these  hollow  spheres  grow  interstitially  while  at  the  same 
time  the  crystals  projecting  from  the  inner  side  of  the  shell  grow  toward 
the  center.  We  therefore  have  to  recognize  the  fact  that  the  silex-bear- 
ing  water  penetrated  through  the  dense  wall.  In  man}'  of  these  spherical 
veins  we  may  note  that  the  process  of  growth  in  the  interior  of  the  spheres 
has  been  from  time  to  time  interrupted  and  again  resumed.  These  changes 
may  be  due  to  the  variations  in  pressure  to  which  the  water  in  the  cavities 
is  necessarily  subjected  as  the  conditions  of  its  passage  through  the  geode- 
bearing  zone  are  altered. 

The  most  important  information  we  obtain  from  the  stud}'  of  spherical 
veins  or  geodes  is  that  no  distinct  fissures  or  rifts  are  required  for  the  pas- 
sage of  vein-building  waters  through  existing  masses  of  lodes.  It  is  true 
that  the  distances  they  traverse  in  these  spherical  lodes  is  limited  to,  at 
most,  a  few  inches  ;  but  there  is  in  these  cases  no  other  impulse  than 
diffusive  action  to  bring  about  the  movement,  while  in  an  ordinary  tab- 
ulate vein  we  may  generally  assume,  in  addition  to  the  influence  oper- 
ating in  bringing  the  dissolved  materials  into  thegeode,  a  pressure  which 
impels  the  fluid  upward.     Thus,  while  it  is  not  to  be  denied  that  many 
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veins  are  prepared  for  by  the  formation  of  somewhat  gaping  fissures,  an<l 
that  these  rents,  after  being  more  or  less  completely  closed,  are  reopene<l 
by  faulting  on  the  plane  of  the  deposit,  such  original  or  secondary  spaces 
are  not  required  for  the  development  of  a  vein.  The  other  point  is  that 
the  pressure  of  the  growing  vein,  which  in  the  case  of  the  geode  is  able 
so  to  condense  the  rock  matter  about  it  as  to  win  room  for  the  deposit, 
is  likely  to  be  even  more  effective  in  the  group  of  tabulate  deposits  in 
forcing  the  walls  asunder. 

CJONDENSING   AND    DEFORMING    EFFECTS  OF  VeIN   AND    DiRE    MaTEKIAI^ 

In  this  connection  it  may  be  well  to  note  that  the  introduction  of  large 
amounts  of  vein  and  dike  material  brought  from  lower  to  higher  levels 
of  the  rocks  is  likely  to  prove  an  important  source  of  condensation  and 
deformation  of  the  beds  in  which  the  deposits  are  formed.  I  have  else- 
where referred  in  some  detail  to  the  importance  of  this  action.  It  clearly 
deserves  more  attention  than  it  has  yet  received. 
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Method  op  Study 
a  uthor's  first  obser  va  tions 

A  glance  at  any  accurate  maps  will  show  that  water-courses  in  nearly 
all  regions  are  so  disposed  that  they  are  somewhat  regularly  spaced,  the 
intervals  between  their  channels  of  like  size  being  approximately  the 
same  even  when  the  character  of  the  rocks  and  the  amount  of  the  rain- 
fall are  somewhat  varied.  My  attention  was  called  to  this  fact  some  20 
years  ago,  when  considering  the  relations  of  the  rivers  of  Kentucky. 
While  comparing  the  order  of  the  under  and  over  ground  channels  of 
that  district  I  noted  that  while  the  cavern  waters  followed  no  distinct 
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order  in  their  placement,  except  such  as  was  determined  by  the  jointing 
of  the  limestone  rocks  in  which  they  were  excavated,  the  surface  stream* 
of  the  neighboring  cavernless  country  were  grouped  with  rather  definite 
intervals  which  did  not  distinctly  vary,  whatever  the  character  of  the 
subjacent  rock  might  be.  A  debate  which  occurred  in  the  geological 
conference  of  Harvard  University  in  1897,  on  a  paper  presented  by  Pro- 
fessor Penck,  of  Vienna,  showed  me  that  this  distinguished  geographer 
had  noted  like  facts  in  the  Alps  and  in  the  Cordilleras,  and  indeed  it 
must  have  attracted  the  attention  of  many  observers.  This  revival  of 
the  inquiry  has  led  me  to  the  observations  and  inferences  which  are  M 
forth  below. 

EVIDENCE  FURNISHED  BY  TOPOGRAPHIC  MAPS 

First,  let  us  note  in  a  more  detailed  way  the  certain  important  facU 
concerning  the  placement  of  streams  which  has  just  been  stated  as  a 
very  general  proposition.  Taking  a  series  of  maps  which  show  in  an 
accurate  manner  the  geological  and  topographical  aspects  of  diversely 
conditioned  areas,  we  may  readily  observe  that  on  those  areas  wiiieh 
have  been  long  and  continuously  exposed  to  the  effective  work  of  streams 
the  spacing  of  the  channels  is  in  the  greatest  measure  uniform.  On  the 
other  hand,  where,  as  in  the  coastal  plain  districts  of  the  United  States, 
the  surface  has  recently  risen  from  the  sea,  the  intervals  between  the 
streams  of  all  sizes  is  much  more  irregular.  Again,  in  countries  of  in- 
considerable reliefs  which  have  had  their  fprmer  drainage  system  eifaced 
by  a  deep  coating  of  glacial  drift  the  order  of  position  of  the  newly  tie- 
termined  channels  has  something  like  the  irregularity  which  is  exhibited 
by  newly  elevated  area.  The  fact  that  the  likeness  and  the  order  of 
streams  is  least  evident  where  they  have  acted  for  the  shortest  time,  and 
most  so  where  they  have  been  long  in  operation,  suggests  the  hypothesis 
that  the  distribution  of  their  channels  in  an  equable  manner  is  in  some 
way  brought  about  by  the  action  of  the  streams  themselves;  thkt  in 
wearing  downward  they  work  in  a  manner  which  tends  to  equalize  their 
intervals. 

VALUE  OF  STUDYING  BEGINNINGS  OF  STREAM  WORK 

Apparently  the  best  method  of  approaching  the  discussion  of  the  view 
just  stated  is  by  observing  what  takes  place  in  those  beginnings  of  stream- 
work  which  we  may  observe  wherever  a  sloping  surface  of  earth  has  been 
exposed  to  the  action  of  the  rain.  On  such  surfaces,  as  is  well  known, 
a  drainage  system  in  miniature  is  quickly  developed,  the  channels  at  the 
beginnings  of  the  process  being  very  small  and  much  branched,  and  the 
whole  appearing,  as  has  often  been  remarked,  like  a  reduced  model  of  a 
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river  system.  By  tracing  the  successive  changes  of  these  small  tempo- 
rary channels  we  may  acquire  much  information  as  to  what  goes  on  in 
the  slower  but  otherwise  approximately  similar  process  which  takes  place 
as  the  larger  streams  work  downward  into  the  rocks  they  traverse. 

Conditions  of  small  Streams 
experiments  with  thin  la  yers  of  water 

First,  let  us  observe  the  conditions  of  the  tliin  layer  of  water  as  it  moves 
over  a  slightly  tilted  uniform  surface  such  as  a  plate  of  glass.    As  the  water 
is  impelled  by  gravity  to  flow  it  shows  an  interesting  tendency  to  gather 
into  streams  rather  than  to  move  as  a  sheet.     Even  the  slight  irregular- 
ities of  the  nearly  perfect  plane  tends  to  create  definite  streamings.     If 
now  a  thin  coating  of  any  fine  somewhat  adhesive  material  be  placed  on 
the  plate,  for  instance,  such  as  close  grained  clay,  we  note  at  once  a  dis- 
tinct tendency  to  channeling — a  drainafi;e  is  in  fact  at  once  organized, 
the  troughs  of  which  will  be  rapidly  deepened  until  the  conditions  of 
the  rain- washed  fields  are  essentially  reproduced.     It  is  thus  made  evi- 
dent that  the  circumstances  of  movement  of  the  thin  layer  of  water  which 
tiie  rain  brings  to  the  sloping  surfaces  of  the  earth  are  such  that  very 
alight  irregularities  inevitably   bring  about  the  formation  of  distinct 
streams.     If  the  earth  were  in  a  state  to  feel  the  effect  of  these  tiny  cur- 
rents, it  would,  save  in  the  very  arid  districts,  be  carved  by  channels  so 
small  that  several  would  be  traceable  in  each  square  foot.     That  such  is 
not  the  case  is  due  to  the  fact  that  almost  everywhere  the  coating  of  vege- 
tation is  sufficiently  dense  to  protect  the  soil  from  all  except  the  consid- 
erable rivulets.     It  is  only  where  a  very  great  number  of  small  temporary 
streams  have  combined  to  form  a  torrent  that  the  energy  of  the  moving 
water  is  sufficient  to  cut  through  the  matted  vegetation  and  to  attack  the 
soil. 

INFLUENCE  OF  VEGETATION 

While  the  existence  of  a  vegetable  coating  in  the  natural  field  and  its 
absence  in  the  bared  areas  we  are  now  considering  is  a  noteworthy  dif- 
ference, one  in  certain  ways  affecting  the  value  of  the  experiments,  it  does 
not  really  invalidate  them.  The  effect  of  the  plants  is  to  limit  the  cut- 
ting action  to  much  fewer  streams — those,  as  above  remarked,  where  the 
aggregated  waters  are  able  to  brush  away  the  mantle  of  vegetation.  It 
thus  comes  about  that  there  is  commonl  v  a  broad  field  between  the  head- 
waters  of  adjacent  rivers,  which  is  protected  from  mechanical  erosion  by 
the  fact  that  the  lesser  brooks  can  not  attack  the  subjacent  earth.  In 
this  way  the  formation  of  tablelands  is  favored,  the  destruction  of  the 
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level  areas  being  effected  mainly  by  solutional  processes  until  tlie  retreat- 
ing head  escarpments  of  the  larger  streams  work  back  across  the  Biirface 
of  the  upland.  Notwithstanding  these  differences  between  the  small  and 
the  great  erosive  work,  the  exhibitions  of  it  which  are  afforded  in  the  min- 
iature stream  systems  throw  much  light  upon  true  river  action. 

EFFECT  OF  RAIN  OS  SMOOTH,  SLOPING  SURFACES 

In  the  first  stage  of  rain  work  on  a  moderately  smooth  and  gently 
sloping  surface  of  bared  earth  we  find  the  very  numerous  closely  set  little 
valleys  before  noted,  such  as  may  be  produced  in  the  course  of  half  an 
hour  of  moderate  rainfall.  If  we  watch  the  further  steps  of  the  process 
we  observe  that  as  these  channels  cut  deeper  the  valleys  of  some  of  them 
are  widened,  so  that  in  an  area  where  there  was  at  first  a  dozen  distinct 
grooves  there  is  now  perhaps  but  one.  A  change  of  this  sort  may  at 
times  be  traced  in  the  course  of  a  few  hours  of  continuous  rain.  It  is, 
however,  better  seen  during  a  season's  changes  which  deepens  valleys 
from  the  average  depth  of  half  an  inch  to  that  of  a  foot  or  more,  with 
proportionate  reduction  in  the  number  per  unit  of  area. 

Inspection  of  the  process  of  change  in  the  swiftly  developing  valleys 
of  bared  earth  at  once  shows  that  the  increase  in  the  size  of  the  channel 
is  brought  about  by  a  process  in  which  certain  of  the  streams  cut  down 
and  laterally  with  greater  rapidity  than  the  others.  This  process  of  de- 
velopment is  in  its  nature  and  methods  one  of  selection  ;  it  more  clearly 
resembles  the  principle  of  the  survival  of  the  fittest  than  any  other  known 
to  me  in  the  inorganic  realm.  The  reason  for  this  likeness  is  to  be  found 
in  the  fact  that  in  the  mechanical  changes  of  the  streamlet,  as  in  those  of 
the  living  form,  success  is  determined  by  the  adjustment  of  the  action 
to  exceedingly  varied  conditions.  In  each  we  have  something  like  a 
continuity  of  endeavor  with  the  limitation  which  circumstances  put  upon 
it.  In  the  institution  of  a  very  small  drainage  system,  such  as  we  are 
considering,  the  first  action  is  determined  by  the  currents  which  set  up 
in  the  sheet  of  water  before  it  begins  to  cut.  The  initial  channels  are  in 
effect  a  map  of  these  original  streams.  As  soon  as  scouring  begins  those 
guiding  features  arising  from  the  diversities  of  the  surface  and  of  the  initial 
cutting  power  of  the  streams  at  once  gives  some  of  them  the  mastery. 
To  perceive  the  value  of  these  differences  we  should  note  that  the  cutting 
^K)wer  of  the  currents  increases  in  a  very  high  ratio  to  their  speed,  cer- 
tainly as  the  square  thereof,  and  perhaps  in  a  much  higher  function. 
The  result  is  that,  given  a  very  slight  preponderance  in  size  of  one  stream 
among  many,  this  advantage  will  cause  its  channel  to  cut  down  more 
rapidly  than  do  those  of  its  competitors.  As  it  extends  its  drainage 
slopes  from  its  rapidly  lowered  base  it  inevitably  captures  the  valleys 
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from  its  smaller  neighbors.  This  process,  with  minor  variations  in  the 
method  of  work,  goes  on  until  the  divides  of  the  valley  are  forced  back 
to  a  point  where  they  encounter  those  of  another  stream  which  is  doing 
similarly  effective  work. 

DRAINAGE  DEVELOPMENT  AND  ITS  APPLICATION  TO  STUDY  OF  RIVER  SPACING 

In  the  advancing  stages  of  drainage  development  in  the  natural  model 
we  are  considering  we  find  the  process  of  lateral  appropriation  of  the 
smaller  channels  is  brought  about  in  at  least  three  ways :  (a)  As  the 
channel  is  deepened  the  side  slopes  of  the  valley  keep  their  original  angle 
of  declivity,  and  thus  invade  the  basins  on  either  side;  these,  by  reason 
of  the  reduction  of  the  drainage  thereby  brought  about,  work  downward 
with  less  rapidity,  (b)  The  lateral  shifting  of  the  streams  as  they  are 
blockaded  by  the  less  movable  waste  also  causes  them  here  and  there  to 
invade  the  drainage  of  their  neighbors,  (c)  Lastly,  the  peculiar  process 
termed  "piracy  ''  occurs --that  is,  the  small  branches  of  the  larger  main 
stream  work  back  through  the  divides  until  they  tap  and  divert  the  ad- 
jacent higher  lying  water-courses.  In  a  word,  all  the  methods  by  which 
an  ordinary  river  extends  its  field  of  drainage  are  fairly  well  represented 
in  the  miniature  stream  system. 

If  with  these  observations  in  mind  the  student  proceeds  to  inquire 
concerning  the  difficult  question  as  to  the  equal  spacing  of  river  clian- 
nels  of  like  size,  he  will  find  the  explanation  he  seeks.  He  will  note 
that  the  slopes  of  the  drainage  basins  are,  as  regards  their  angles  of  de- 
clivity, quite  as  uniform  as  are  their  spacings ;  all  of  them  meet  in  sharp 
crests,  the  divides  between  several  valleys.  These  crests,  as  well  as  the 
lowlands,  are  wasting;  but  while  the  streams  cut  down  freely,  the  crest 
lines  descend  at  a  slower  rate.  As  long  as  the  streams  on  either  side  of 
the  divide  work  their  beds  downward  with  equal  rapidity  the  ridge 
maintains  its  position ;  but  if  one  descends  more  slowly  than  the  other, 
then,  as  the  slopes  of  their  valleys  are  uniform,  the  deeper  lying  river 
])U8hes  the  crest  back,  thereby  capturing  a  part  of  the  watershed  of  its 
neighbor,  with  the  result  that  the  diminished  valley  will  be  less  rapidly 
worn  down  than  before,  and  therefore  the  more  easily  destroyed  b}'  the 
vigorous  contestant.  In  this  way  it  comes  about  that  the  lesser  velleys 
are  apt  to  be  ruined  by  the  development  of  the  greater  adjacent  excava- 
tions. There  is,  however,  as  before  noted,  a  limit  to  this  action,  which 
is  set  by  the  fixed  angle  of  the  side  slopes  of  the  valleys.  This  is  de- 
termined by  the  character  of  the  material  which  is  wearing  away.  In 
the  miniature  example  this  wearing  is  purely  erosive,  and  is  commonly 
rather  even  in  rate,  for  the  reason  that  the  soil  is  likely  to  be  of  a  uniform 
composition.     It  is  different  in  the  case  of  ordinary  river  valleys,  but 
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the  difference  does  not  affect  the  principle  involved,  which  is  that  the 
effective  angle  of  the  side  slopes  of  the  basin  goes  far  to  determine  the 
limits  of  its  lateral  extension. 

Conditions  of  Torrents 
relation  of  slope  to  down-cvttinq  and  basin  area 

With  the  principle  last  noted,  that  the  declivity  of  a  basin's  slopes  tle- 
termines  the  range  of  its  capturing,  in  mind,  seeing  also  that  the  relative 
rate  of  down-cutting  of  the  channel  established  the  condition  of  the  stream 
as  winning  or  losing  in  drainage  area,  let  us  further  consider  the  condi- 
tions which  determine  this  down-cutting.  In  the  first  stages  of  the  excii- 
vating  work  the  miniature  stream  cuts  very  freely,  the  restraints  of  it.s 
baselevel  not  being  felt.  In  a  word,  it  is  a  torrent.  As  its  bed  gro\T< 
deeper  this  influence  begins  to  come  in.  The  result  is  that  the  stream 
soon  passes  the  stage  in  which  it  is  gaining  in  volume  by  capturiii*; 
drainage.  Such  augmentation  tis  it  receives  in  the  later  stages  of  down- 
cutting  are  not  likely  to  add  much  to  its  drainage  area.  Bearing  in  mind 
the  fact  concerning  this  loss  of  power,  namely,  that  the  speed  is  about  a!> 
the  square  of  the  declivity  and  the  efficient  carrying  energy  as  a  higher 
function  of  the  speed,  we  may  readily  perceive  that  a  very  sudden  arrest 
is  put  to  the  capacity  of  the  current  to  cut  its  bed  deeper  when  it  attains 
a  certain  diminution  of  slope. 

It  should  now  be  possible  to  see  why  the  rivulets  on  a  considerably 
eroded  surface  of  an  originally  even  slope,  however  irregular  they  may 
be  at  the  beginning,  come  to  be  rather  evenly  spaced  in  the  course  of 
their  development.  This  spacing  is  in  effect  determined  by  the  maximum 
depth  to  which  the  beds  of  the  streams  can  cut  down  in  a  given  time. 
Those  channels  which  attain  that  depth  do  so  because  they  manage  U) 
carry  their  load  of  debris  beyond  the  field.  If  the  waste  is  fed  in  too 
rapidly  the  cutting  down  is  hindered.  If  they  cut  down  to  a  cerUiin 
grade  they  attain  a  critical  point  due  to*  the  diminislied  slope,  beyond 
which  they  can  not  well  become  deeper.  The  result  of  these  several  e<iua- 
tions  of  action  is  the  establishment  of  a  somewhat  definite  maxiinuni 
area  of  basin,  beyond  the  limits  of  which  a  stream  can  not  effectively 
compete  with  its  neighbors. 

The  conditions  which  make  for  the  establishment  of  approximately 
e(iual  intervals  botweon  the  draina<j;e  channels  may  be  fairly  well  illus- 
trated by  pressing  down  V-shaped  blocks  of  equal  size  into  a  sheet  of 
mud  so  as  to  make  valleys  of  like  dimensions.  Imagine,  now,  that  there 
is  an  arrest  of  the  down-sinking  of  any  valley  as  it  comes  to  a  certain 
critical  plane  the  equivalent  of  the  baselevel  of  erosion,  and  that  the  side 
slopes  of  the  trough  have  the  same  declivity ;  it  should  at  the  same  time 
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he  borne  in  mind  that  wherever  a  stream  fails  to  work  downward  as 
rapidly  as  that  of  the  adjacent  channels,  its  drainage  is  invaded  by  the 
extension  of  the  side  slopes  of  its  competitors,  with  the  result  that  it  still 
further  loses  its  capacity  to  hold  its  original  down-cutting  power,  its  area 
l>eing  soon  shared  in  something  like  equal  measure  by  the  more  success- 
ful streams.  The  further  this  process  continues  the  more  complete  the 
work  of  effacing  the  original  irregularities  of  interval. 

APPLICATION  OF  EXPERIMENTS  AND   OBSERVATIONS  TO  STUDY  OF  NATURAL 

CONDITIONS 

If  from  these  observations  on  the  convenient  miniature  specimens, 
showing  the  conditions  under  which  drainage  channels  are  established 
and  developed,  we  turn  to  the  larger  examples  of  such  work,  as  are  ex- 
hibited in  river  systems,  we  note  at  once  the  advantage  of  approaching 
our  problem  in  the  manner  which  has  been  pursued.  In  the  first  place, 
we  see  that  the  equality  of  the  spacings  in  the  larger  streams  is  most 
perfect  in  those  which  in  size  and  character  nearly  approach  the  small 
temporary  gullies  of  newly  bared  soil.  The  torrent  gorges  which  are  cut 
in  uniformly  yielding  rock  are  often  as  accurately  spaced  as  in  the  smaller 
samples,  though  they  may  have  the  depth  of  hundreds  of  feet  and  an 
average  width  of  a  mile  or  more.  As  we  pass  to  the  true  rivers  the 
symmetry  becomes  less  and  less  perfect  as  they  increase  in  size.  It  may 
be  said  that  in  proportion  as  the  grade  of  the  side  slopes  leading  to  the 
divide  diminishes  and  becomes  thereby  less  regular,  the  spacing  becomes 
less  even. 

The  reason  for  the  less  regular  intervals  between  the  valleys  of  gentle 
declivity  and  moderate  side  slopes  and  those  of  rapid  fall  with  steep 
slopes  are  numerous.  Among  them  we  may  note  the  following :  As  the 
stream  approaches  its  baselevel  it  is  proportionately  more  and  more 
affected  by  various  influences  which  tend  to  deflect  it  from  the  center  of 
its  valley.  Obstacles  which  should  have  been  disregarded  or  easily  over- 
come while  the  descent  was  steep  now  control  its  movement.  This  causes 
the  lateral  extension  of  the  valley  to  be  forced  this  way  or  that ;  it  no 
longer,  as  before,  induces  the  attack  on  the  adjacent  slopes  to  be  tolerably 
uniform.  In  the  basins  of  gentle  descent  the  nature  of  the  underlying 
rock  is  likely  to  play  a  more  important  part  in  controlling  the  topography 
and  the  share  of  solutional  action  greater  than  is  the  case  in  the  torrential 
valleys.  It  is  also  to  be  noted  that  in  districts  which  are  underlaid  by 
limestones,  except  they  be  dolomites,  where  the  position  of  streams  may 
be  fixed  by  the  formation  of  underground  water-courses,  which  in  the 
course  of  time  become  open  channels,  the  arrangement  of  the  streams  is 
often  extremely  irregular.     In  such  case  their  order  is  determined  by  the 

XL— Bull.  Geol.  Soo.  Am.,  Vol.  10,  1898 
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jointing  of  the  rocks  and  other  details  of  structure  and  attitude  which 
do  not  have  controlling  influence  on  surface  rivers. 

The  foregoing  considerations  concerning  the  spacing  of  rivers,  thouirh 
in  themselves  matters  of  interest,  as  they  point  the  way  to  a  clear  under- 
standing of  important  geological  problems,  have  a  much  wider  applicji- 
tion  than  appears  at  first  sight.  I  shall  now  endeavor  to  show  that  they 
may  bear  on  the  question  as  to  the  origin  of  the  -coincidences  in  moun- 
tain crests,  which  is  so  generally  held  to  indicate  the  existence  of  ancient 
baselevels  of  erosion  which  have  been  lifted  to  a  hight  above  the  level  of 
the  sea  and  then  dissected  by  rivers.  To  perceive  the  value  of  these  in- 
dications we  must  again  revert  to  the  facts  shown  in  the  miniature  valley. 
It  is  noticeable  that  the  divides  between  these  streams  are  often  main- 
tained in  about  the  same  plane  to  whatever  depth  the  general  surface 
may  be  lowered.  I  have  seen  instances  of  it  where  the  valleys  had  cut 
down  to  a  depth  greater  than  their  width.  This  element  of  regularity  is 
quite  as  evident  as  the  uniformity  of  spacing  between  the  channels.  The 
crests,  of  course,  rise  toward  the  headwaters  of  the  basins  which  they 
separate,  but  where  a  considerable  field  is  incised  in  this  manner  the 
nodal  points  of  the  drainage  remain  approximately  at  the  same  higiit 
above  the  baselevel. 

Bearing  of  Evidence  on  Baseleveling 

RELATION  OF  DOWN-WEARINQ  TO  UNIFORMITY  OF  LEVEL 

At  first  sight  it  may  seem  that  this  identity  of  attitude  of  the  remain- 
ing highlands  in  the  system  of  miniature  valleys  is  due  to  the  original 
equality  of  the  surface  on  which  the  work  of  erosion  began.  Observa- 
tions show,  however,  that  even  where  there  is  a  great  variety  in  elevation 
the  process  of  down-wearing  tends  to  bring  the  varied  levels  into  uni- 
formity. In  the  small  scale,  rapidly  forming  drainage  this  action  is  more 
easily  recognized  than  it  is  in  the  case  of  true  river  basins.  The  process 
may  indeed  be  seen  in  actual  operation.  Where  there  are  considerable 
elevations  their  slopes  are  steeper  and  erosive  work  goes  on  upon  them 
much  more  speedily  than  elsewhere,  until  their  declivities  are  brought 
down  to  the  uniform  grade  of  the  slopes  which  the  material  takes  with 
a  given  measure  of  rainfall.  The  important  point  is  to  discern  that  an 
approach  to  uniformity  of  interval  and  lateral  slopes  of  valleys  effect- 
ively tends  to  bring  about  a  likeness  in  the  hight  of  the  divides  even 
where  the  original  surface  was  of  varied  elevation. 

BASELEVELS  OF  THE  APPALACHIANS 

To  apply  this  principle  to  the  matter  of  ancient  baselevels,  let  us  take 
what  is  a  most  characteristic  instance,  that  of  the  Appalachians.     As  re- 
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gards  this  region  a  common  hight  of  summits  over  large  areas  has  been 
explained  by  the  supposition  that  at  one  or  more  stages  in  the  history 
of  the  area  the  mountain-built  rocks  have  been  worn  down  to  or  near 
their  baselevel  of  erosion,  subsequently  elevated,  and  thereafter  subjected 
to  the  stream  erosion  which  has  carved  out  the  existing  reliefs.*  Con- 
sidering first  the  general  character  of  this  field  as  regards  the  hight  of  its 
elevation,  we  note  that,  despite  the  variations  in  the  resistance  to  erosion, 
there  are  sundry  parts  of  it  in  which  the  elevation  of  the  highest  ridges 
iind  peaks  are  tolerably  uniform,  so  much  so  indeed  as  to  make  the  sup- 
position of  an  ancient  baselevel  a  good  working  hypothesis.  Thus  in  the 
hills  of  Nova  Scotia,  in  the  Green  mountains  and  their  southern  exten- 
:iions  in  the  Berkshire  iiills,  and  in  the  Alleghaniesas  far  as  Alabama  we 
find  accordant  bights  which  at  first  sight  appear  to  be  readily  explained 
hy  the  supposition  that  the  erosive  work  began  after  the  areas  had  been 
brought  to  near  the  baselevel  and  afterward  ui)lirted  to  a  hight  not  far 
above  that  which  the  existing  crests  attain.  For  the  purpose  of  our  in- 
quiry it  will  be  well  to  begin  with  the  Alleghanian  district,  taking  account 
of  the  areas  to  the  east,  including  the  Blue  Ridge  mountains  and  the 
Piedmont  area.  More  than  any  other  known  to  me,  this  field  of  the 
southern  Appalachians  affords  good  data  for  discussing  the  problem  in 
liand. 

The  features  of  the  area  above  designated  which  first  claim  attention 
in  the  inquiry  are,  first,  the  tolerably  accordant  levels  of  the  Alleghany 
section  with  hight,  which  in  a  general  way  decline  from  near  Cumber- 
land gap  to  the  plain  of  southern  Alabama ;  next  the  presence  of  a  great 
valley  or  system  of  valleys  on  the  western  side  of  the  Blue  Ridge;  then 
the  rise  to  the  southward  of  the  Blue  Ridge  in  the  Smoky  mountains, 
and,  lastly,  the  uniform  eastward  sloping  plateau  of  the  Piedmont  area, 
composed  of  highly  metamorphic  mountain-built  rock,  presumably  of 
Cambrian  or  of  Archean,  but  containing  many  areas  of  Mesozoic  folded 
strata.  These  three  mountainous  elements  of  the  Appalachians  I  have 
for  convenience  termed  the  western,  the  central,  and  the  eastern  divisions 
of  that  great  system.  The  central  is  the  oldest  in  the  order  of  formation, 
owing  its  existence  in  part  to  orogenic  actions  which  probably  occurred 
before  the  beginning  of  the  Cambrian  age.  The  western  or  Alleghanian 
was  dislocated  nearly  at  the  close  of  Paleozoic  time.  The  eastern  or  Pied- 
mont was  in  large  part  mountain-built  after  the  closeof  the  Jurassic  period, 
thouj^h  it  doubtless  shared  with  the  Blue  Ridge  mountains  in  the  much 
earlier  disturbance  to  which  it  owes  its  structure. 


*Fur  admirable  preseutations  of  this  view  see  Arthur  Keith:  Geology  of  the  Catoctiu  Belt, 
Hth  Ann.  Rep.  U.  S.  Geological  Survey,  p.  203  et  neq. ;  uIbo,  Hayea  (Willard)  and  Campbell 
(Marias  R.):  Geomorphology  of  the  Southern  Appalachians,  National  Geographic  Mag.,  vol.  vi, 
p.  63  et  seq. 
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For  this  inquiry  the  most  important  contrast  in  the  fields  al)ove  men- 
tioned is  in  tlie  measure  of  their  degradation,  their  hight  above  the  sea^ 
and  the  form  of  their  reliefs.  Considered  in  a  general  way,  it  is  evident 
that  the  Green  Mountain  district,  embodying  tlie  Berkshire  hills  and  the 
All^hanies,  may  be,  as  regards^heir  altitude,  not  unreasonably  groupeil 
together,  their  bights  being  in  the  whole  similar,  the  peaks  which  sur- 
pass an  altitude  of  about  2,000  feet  being  rather  exceptional,  and  perhaps 
explainable  on  the  theory  that  they  are  due  to  local  resistance  to  down- 
wearing  action.  So,  too,  the  Piedmont  area,  where  the  slope  rises  front 
tidewater  westward  to  the  level  of  about  1,000  feet,  exhibits  much  uni- 
formity in  the  hight  of  the  crests  at  equal  distances  from  the  central 
Appalachians,  but  with  many  *'  monadnocks"  or  steep,  isolated  peaks 
rising  far  above  the  general  plane  of  crest  altitude.  In  the  central  sec- 
tion there  is,  in  my  opinion,  no  such  accordance  in  the  bights  that  jx)int 
to  baseleveling  followed  by  elevation,  the  range  in  elevation  being  from 
about  1,000  feet  in  New  Jersey  to  about  7,000  feet  in  North  Carolina- 
There  are  wliat  might  be  taken  as  signs  of  a  progressive  rise  of  thes^e 
elevations  to  the  southward  were  it  not  that  from  the  Smoky  mountains 
of  North  Carolina  there  is  a  steep  decline  toward  the  gulf  of  Mexico,  as 
well  as  a  rise  from  New  Jersey  northward  in  ridges  of  related  age,  cul- 
minating in  the  White  mountains  of  New  Hampshire. 

Taking  first  the  Alleghanian  field  we  find  that  the  measure  of  accord  in 
its  summit  levels  is  not  what  ifseems  at  first  sight  to  be.  Looking  from 
any  summit  which  commands  a  wide  prospect,  the  observer  is  always  struck 
with  the  apparent  regularity  of  the  skyline  of  the  distant  mountains.  On 
close  study  of  this  impression,  however,  he  finds  reasons  to  doubt  its  va- 
liditj'.  It  is  easy  to  see  that  at  a  distance  of,  say  40  miles,  diflerences  of 
hight  of  600  or  even  of  1 ,000  feet  are  not  conspicuous  unless  the  additional 
elevation  have  a  peaked  shape.  If  the  rise  is  gentle  at  either  end  it  is  classed 
with  the  prevailing  skyline  formed  by  the  other  ridges.  It  is  only  by  the 
careful  inspection  of  good  maps  which  by  contours  indicate  the  higbt*s 
that  an  adequate  conception  of  the  altitudes  of  the  reliefs  can  be  gainenl. 
Until  within  a  few  years  the  bights  of  the  Alleghanies  were  not  enough 
known  to  afford  a  basis  for  this  accurate  inquiry.  At  present,  however, 
the  topographical  maps  of  the  area  made  by  the  United  States  Geological 
Survey  are  sufficiently  accurate  for  the  purpose.  From  them  we  learn 
that  the  range  in  the  bights  of  the  crests  is  considerable,  amounting  to 
as  much  as  one-third  of  the  maximum  altitude  above  the  plane  of  the 
sea,  and  to  as  much  as  one-half  the  hight  to  which  the  crests  rise  above 
the  plane  to  which  the  greater  rivers  have  cut  down  their  channels.  It 
these  differences  were  presented  to  the  eye  in  a  group  of  peaks  brought 
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close  together  the  hight  relations  of  their  summits  would  no  more  sug- 
geijt  the  existence  of  an  ancient  elevated  baselevel  than  do  those  of  the 
^>wiss  Alps.  It  is  rather  the  long,  even  skylines  of  their  ridges  than  their 
likeness  in  hight  that  so  distinctly  suggests  their  origin  in  an  elevaied 
plain. 

Problkm  of  Appalachian  Baskleveling 

There  are  two  sections  of  the  Alleghany  district  which  are  e8i)ecially 
noteworthy  in  this  inquiry :  One  of  them  is  the  area  about  Cumberland 
gap,  es{)ecially  in  the  section  adjacent  to  the  headwaters  of  Cumberland 
river;  the  other  in  the  drainage  of  the  upper  James  river  near  Buffalo 
gap.  In  the  first  named  area  is  an  extensive  tract  of  country  where  the 
ridges  attain  a  hight  of  about  3,000  feet,  rising  to  a  considerable  elevation 
above  the  neighboring  crests.  It  is  evidently  a  case  where  the  superior 
hight  is  to  be  accounted  for  by  the  fact  that  we  have  there  the  node 
whence  a  number  of  streams  radiate,  flowing  outwardly  with  a  relatively 
j^light  fall,  so  that  their  cutting  power  is  not  great.  In  the  second  case, 
that  near  Buffalo  gap,  the  excessive  hight  of  Elliots  knob  is  evidently 
due  to  its  peculiar  structure,  which,  in  the  absence  of  a  strong  attack  by 
streams,  has  failed  to  go  down  as  rapidly  as  the  neighboring  crests. 
These  are  but  two  instances  out  of  many  which  go  to  show  that  the 
wide  discrepancies  in  hight  which  exist  in  this  region  can  be  explained 
by  variations  in  the  conditions  of  down-cutting  rather  than  by  any  ref- 
erence to  the  problem  of  the  original  plane  in  which  the  erosion  began. 

We  may  fitly  ask  certain  questions  of  those  who  hold  to  the  hypothesis 
of  an  ancient  elevated  baselevel  on  which  the  erosion  of  the  Alleghany 
section  began.  The  first  of  these  concerns  the  probable  hight  of  the 
ancient  surface  above  the  present  summits  of  the  region.  It  is  evident 
that  it  must  have  been  ver3''  much  above  the  plane  of  the  existing  crests. 
There  are  probably  few  geologists  who  would  reckon  the  period  in  which 
tliis  part  of  the  Appalachian  has  been  subjected  to  erosion  since  the 
Mesozoic  period,  when  the  supposed  elevation  took  ])lace,  at  less  than 
ten  million  years,  or  the  rate  of  down-wearing  at  less  than  1  foot  in  2,000 
years.  On  this  computation  the  original  surface  must  have  been  5,000 
feet  above  the  summits  of  the  existing  crests.  Even  if  we  halve  this  esti- 
mate we  still  leave  the  supposed  plane  very  far  up  in  the  air — so  far  up 
indeed,  that  it  does  not  seem  reasonable  to  assume  its  sometime  exist- 
ence to  account  for  the  slight  measure  of  uniformity  which  exists  in  the 
hijfhts  of  the  existing  crests. 

The  evident  difficulties  of  the  view  that  holds  for  a  baselevel  control 
of  the  Alleghany  ridges  are  increased  when  we  come  to  consider  the  con- 
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ditions  of  the  country  to  the  eastward.  The  Blue  Ridge  element  of  the 
Appalachian  system  is,  as  regards  the  hight  of  its  peaks,  even  more  irreg- 
ular than  the  Alleghanies.  While  the  last-named  mountains  exhihit  a 
general  decline  to  the  southward,  varied  by  a  few  remaining  high  points, 
the  central  ridge  irregularly  gains  in  altitude  until  the  greatest  hight  is 
attained,  in  the  western  part  of  North  Carolina.  Yet  it  must  be  assumed 
that  this  portion  of  the  Appalachian  land  was  as  much  subjected  to  the 
baseleveling  actions  as  the  Alleghany  area  could  have  been.  Its  rocks, 
though  harder,  are  more  homogeneous  than  are  the  stratified  beds  on 
the  west,  and  are,  moreover,  of  a  nature  more  readily  to  yield  to  chem- 
ical decay.  Why,  then,  should  baseleveling  have  been  so  effective  in  the 
district  less  than  40  miles  to  the  west  and  failed  to  take  effect  here  ? 

The  question  just  above  asked  again  comes  before  us  when  we  examine 
the  Piedmont  area.  We  there  find  rocks  in  general  character  much  like 
those  of  the  Blue  Ridge,  together  with  newer  strata  essentially  of  Triassic 
age,  which  have  been  folded  and  faulted  down  into  them,  have  been  worn 
away  until  the  mass  forms  a  broad,  rather  uniform,  field  sloping  gently 
from  the  hight  of  about  1,000  feet  to  beneath  the  level  of  the  sea.  So 
far  as  our  knowledge  of  this  and  other  continents  goes,  this  area  is  in 
aspect  one  of  the  most  characteristically  baseleveled  areas  that  is  known, 
for  iii  it  an  originally  strong  mountain  topography,  where  rocks  of  ex- 
ceedingly varied  resistance  are  intimately  commingled,  have  over  a  wide 
field  been  reduced  to  a  nearly  uniform  surface,  having  a  gentle  inclina- 
tion seaward.  It  is  true  that  here  and  there  isolated  peaks  surpass  this 
plain,  attaining  to  bights  of  several  hundred  feet  above  it;  but  although 
these  features  have  a  value  in  the  interpretation,  they  in  nowise  deprive 
the  district  of  its  baseleveled  character.  Yet  it  appears  impossible  to 
explain  the  level  surface  of  this  area  on  the  hypothesis  that  it  has  been 
worn  down  by  river  and  atmospheric  action.  VV^e  can  not  apply  this 
ex[)lanation,  for  the  reason  that  the  plain  passqs  abruptly  into  the  Blue 
Ridge,  which  rises  above  it  to  a  hight  from  a»  few  hundred  feet  in  the 
Potomac  valley  to  about  7,(X)0  feet  in  North  Carolina.  It  seems  to  nie 
queHtionable  whether  any  form  of  the  baseleveling  hypothesis  will  alone 
or  even  mainly  account  for  this  contrast  in  the  character  of  the  surface 
of  these  level  and  mountainous  areas.  So  far  as  I  can  see,  the  only  way 
in  which  the  facts  can  be  reconciled  with  that  hypothesis  is  by  the  fur- 
ther supposition  that  the  Blue  Ridge  lias  been  separated  from  the  Pied- 
mont area  by  relatively  recent  faulting  which  has  lifted  the  mountainous 
countr}^  to  its  high  level.  It  is  necessary  to  assume  that  this  action  took 
place  after  the  baseleveling  of  the  seaboard  district  w^as  effectively  ac- 
complished.    It  is  also  to  be  noted  that  there  is  no  evidence  going  to 
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show  that  any  such  sufficient  faulting  hag  occurred.  There  are,  it  is  true, 
abundant  faults  to  be  observed  in  the  approximately  level  district  of  the 
shore  belt,  but  these  dislocations  have  had  all  traces  of  their  original 
relief  completely  effaced.  Moreover,  the  passage  of  the  plain  to  the  hills, 
although  accomplished  within  a  narrow  belt,  is  in  a  measure  gradual, 
showing  no  signs  of  sudden  change  such  as  would  be  exhibited  if  the 
conditions  had  been  brought  about  by  faulting  alone. 

It  has  been  suggested  that  while  the  Piedmont  district  remains  at  or 
near  its  Cretaceous  baselevel  the  country  to  the  westward  has  been  so 
differentially  uptilted  that  the  highest  point  of  elevation  is  the  Alle- 
«jhanian  field.  To  this  hypothesis  it  may  be  answered  that  there  is  a 
lack  of  evidence  sufficient  for  its  support.  The  only  point  where  I 
have  been  able  to  find  any  features  which  could  be  taken  to  afford  such 
endence  is  in  the  section  of  the  James  River  canyon  from  the  base  of 
the  Piedmont  plain  through  the  Blue  Ridge  and  into  the  Alleghany  field. 
The  occurrence  of  many  rapids  in  the  lower  reaches  of  James  river  sug- 
gests an  uplifting  action  ;  but  these  features  go  to  show  that  the  move- 
ment which  led  to  their  formation  was  of  relatively  very  recent  age,  and 
that  it  affected  in  something  like  an  equal  measure  all  the  section  from 
the  sea  border  beyond  the  axis  of  the  Shenandoah  valley. 

Discussion  of  Hypothesis  of  Baseleveling  and  of  River  spacing 

While  it  can  not  be  maintained  that  the  evidence  and  arguments  set 
forth  in  this  paper  are  sufficient  to  determine  a  conclusion  against  the 
hypothesis  of  baseleveling  as  it  is  used  to  explain  the  approximate  equal- 
ity of  summits  throughout  a  considerably  elevated  area,  it  may  fairly  be 
claimed  that  they  go  to  show  the  need  of  a  more  penetrating  inquiry 
into  the.  facts  than  has  yet  been  essayed.  When  we  consider  that  the 
advocates  of  the  hypothesis  in  question  have  not  yet  shown  us  a  region 
which  has  been  and  remains  effectively  baseleveled  ;  when,  moreover,  we 
note  that  the  changes  in  the  relative  level  of  the  sea  and  land  are  not 
only  frequently  extensive,  but  evidently  occur  with  a  speed  which  is 
rapid  in  relation  to  the  rate  of  down-wearing  of  the  land,  we  may  indeed 
begin  to  doubt  the  validity  of  the  hypothesis  that  any  such  wide 
area  as  the  eastern  portion  of  this  continent  could  ever  have  been  so  far 
worn  down  throughout  its  extent  as  to  approach  in  aspect  the  suppositi- 
tious plain  which  this  view  demands.  There  can  be  no  question  con- 
cerning the  value  as  to  the  control  which  a  baselevel  of  erosion  exercises 
over  the  work  of  a  river.  The  point  yet  to  be  determined  relates  to  the 
efficiency  of  river  work  in  bringing  about  the  uniformity  of  bights  in  a 
mountain-built  district.     It  appears  to  me  that  in  the  fields  which  I 
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have  been  able  to  examine  the  effect  arising  from  the  interaction  of  the 
slopes  of  rivers  spaced  with  an  approximation  of  equality  in  interval 
and  with  like  declivities  will  more  satisfactorily  account  for  the  uni- 
formity of  elevation  than  the  hypothesis  which  seeks  to  explain  the 
coincidence  by  ancient  baseleveling,  with  subsequent  reelevation  and 
denudation.  It  may  well  be  that  in  many  instances  the  results  of  the 
two  groups  of  actions  are  intermingled. 
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Origin  of  Namk 


The  j^raharnite  deposit  of  Ritchie  county,  West  Virginia,  was  first  de- 
scribed by  Professor  J.  P.  Lesley  in  a  paper  read  before  the  American 
Philosophical  Society  March  20,  1863.  The  name  (in  honor  of  the 
Messrs  Graham,  who  were  largely  interested  in  the  mine)  was  given  the 
mineral  by  Mr  Henry  Wurtz,  the  chemist,  of  New  York  city,  who  in 
1865  published  a  *'  Report  upon  a  mineral  formation  in  West  Virginia" 
for  the  Ritchie  Mineral  Resin  and  Oil  Company  of  Baltimore,  a  corpora- 
tion owning  and  operating  the  mine  for  the  manufacture  of  illuminating 
gas  and  mineral  oil. 

In  a  paper  dated  October  14, 1873,  and  published  in  volume  vi,  second 
series,  of  the  American  Journal  of  Science,  Professor  William  M.  Fon- 
taine gives  a  very  full  description  of  the  mineral  and  its  geological  sur- 

X LI— Bull.  Gsol.  Soc.  Am.,  Vol.  10,  1808  (^77) 
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roundings,  and  as  this  was  only  a  few  months  before  the  mine  was 
closed  and  abandoned,  his  paper  gives  the  last  and  best  description  of 
the  mine. 

Investigations  by  Others 

.  By  reference  to  the  papers  in  question  the  reader  will  discover  that 
the  grahamite  fills  a  vertical  fissure  about  two-thirds  of  a  mile  long, 
varying  in  width  from  a  few  inches  at  the  ends  to  4  and  5  feet  in  the 
center.  The  direction  of  the  fissure  is  north  12  degrees  west,  and  exactly 
at  right  angles  to  the  great  "  Oil  Break  "  anticlinal  which,  with  dips 
from  30  to  70  degrees,  crosses  the  measures  about  7  miles  west  of  the 
deposit. 

Fontaine  recognized  the  connection  of  the  fissure  with  the  upheaval 
of  the  measures  on  this  Burning  Springs-Eureka  anticlinal,  and  the 
gifted  Lesley  foretold  the  origin  of  the  grahamite  in  his  first  paper  as 
follows :  "  This  gash  was  once,  no  doubt,  an  open  fissure,  communicating 
with  some  reservoir  of  coal  oil  (petroleum)  which  still,  it  may  be,  lies 
beneath  it  undisturbed." 

This  hypothesis  of  Lesley,  made  35  years  ago,  and  without  his  ever 
having  seen  the  region,  has  recently  been  verified  in  every  particular. 

Results  of  Exploration  by  Drilling 

In  1890  a  well  was  drilled  for  oil  near  Cairo,  Ritchie  county,  10  miles 
north  of  Ritchie  mines,  the  locality  of  the  grahamite,  and  an  oil-pool 
developed  in  the  basal  member  of  the  Pottsville  conglomerate,  or  '*  salt 
sand  "  of  the  drillers.  Since  that  time  operations  have  gradually  ex- 
tended southward,  until  in  1897  the  developments  reached  the  region 
of  the  asphaltic  deposit,  and  there,  at  a  depth  of  1,500  to  1,600  feet  be- 
low the  surface,  was  found,  as  Lesley  had  predicted,  the  pool  of  oil  from 
which  the  grahamite  was  undoubtedly  derived,  since  a  prolific  oil-field 
has  been  discovered  in  the  immediate  vicinity.  The  first  well  drilled  in 
the  region  was  located  within  300  feet  of  the  fissure,  and  hence,  although 
some  oil  was  obtained  (one  barrel  daily),  it  was  not  in  paying  quantity, 
and  no  more  drilling  was  done  for  several  years. 

The  following  record  of  the  well  drilled  on  MacFarlan  run,  Ritchie 
county,  West  Virginia,  nearest  the  fissure,  will  give  an  idea  of  the  geo- 
logical succession  in  the  region  : 

Record  of  Ritchie  Mines  Well 

Material.  Fe©t.        Fe«t, 

Unrecorded  (cased  7|  inches  at  247  feet) 600  to    600 

Black  elate 67        657 
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Material.  Feet  Feot. 

Red  rock 15  to  672 

Black  slate  and  shale 28  700 

Red  rock 40  740 

Limestone  and  shells 10  750 

Red  rock 10  760 

Light  red  shale 5  765 

Red  rock 20  785 

Blue  sand  and  limestone 15  800 

Sand,  gray,  with  show  of  oil 30  830 

Hard  shell  of  flint  and  limestone 10  840 

Sand  and  slate  (cased  6}  inches) 30  870 

Slate 10  880 

Sand  with  limestone 10  890 

Slate,  dark 55  945 

Sand,  gray,  with  shell  to  bottom .  15  960 

Slate,  light 10  970 

Sand,  gray 10  980 

Coal 5  985 

Slate,  black 5  .    990 

Sand,  gray 15  1,005 

Slate  and  sand 10  1,015 

Slate 5  1,020 

Sand,  light  gray  and  soft 25  1,045 

Slate,  dark 5  1,050 

Sand 20  1,070 

Slate 20  1,090 

Sand,  white  (gas  enough  to  run  boiler) 15  1,105 

Unrecorded 37  1,142 

Sand,  white 33  1,175 

Breakofslate 5  1,180 

Sand,  white 30  1,210 

Slate 150  1,360 

Sand,  gray  and  coarse 20  1,380 

Slate 8  1,388 

Sand,  gray  and  coarse 12  1,400 

Shell  2  1,402 

Slate,  black 88  1,490 

White8andr8alt,"gas)....  251^  J      Qi^   ^„^ 40  1530 

Sand  (oil  at  1,530) 15  i 

Sand 26  1.656 

Slate 4  1,560 

Sand,  base  of  Pottsville 23  1,583 

Limestone  (Greenbrier) 67  1,650 

Top  of  *'  Big  Injun  "  sand  (Pocono) 1,652 

This  well  begins  140  feet  below  the  Washington  coal,  and  thus  a  few 
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feet  under  the  base  of  the  Waynesburg  sandstone.    The  coal  at  980  feet 
is  probably  the  Upper  Freeport,  though  it  may  be  lower  than  that  coal. 

Extent  of  Gkahamitk-bearing  Fissure 

The  fissure  holding  the  grahamite  extends  from  the  little  valley  of 
Mine  run  (a  tributary  of  MacFarlan,  where  the  well  starts)  up  through 
the  Washington  coal  and  on  to  the  tops  of  the  hills  100  feet  higher,  while 
downward  it  extends  to  an  unknown  depth.  When  Professor  Fontaine 
visited  the  locality  the  mine  had  been  operated  through  a  vertical  dis- 
tance of  300  feet,  and  he  gives  the  following  section  of  the  beds  exposed 
within  the  fissure  in  descending  order : 

Material.  Fe€t. 

Gray  shale 45 

Sandstone 35 

Gray  shale  (Washington  coal  in  middle) 65 

Sandstome,  Waynesburg 95 

Gray  shale  (boring  begins  in  this) 55 

Sandstone 30 

Gray  shale 20 

Red  shale  to  bottom 

• 

The  higher  summits  above  the  top  of  the  section  are  made  up  of  a 
succession  of  red  shales  and  brown  or  gray  sandstones,  typical  members 
of  the  Dunkard  Creek  or  Permian  series. 

CONVEKSION   OF   PeTROLEUM    INTO   GrAHAMITE 

The  development  of  the  oil-field  in  this  region  of  the  grahamite  deposit 
has  been  carried  on  chiefly  by  the  Cairo  Oil  company,  of  which  Mr  W.  K. 
Jacobs,  of  Cairo,  West  Virginia,  is  the  superintendent.  Mr  Jacobs  in- 
forms me  that  wells  drilled  near  the  fissure  obtain  good  sand,  but  it  acts 
like  a  drained  or  exhausted  field,  and  produces  oil  in  small  quantity 
only,  but  that  when  the  wells  are  located  from  800  to  1,000  feet  distant 
from  the  fissure  good  producers  are  obtained ;  hence  there  can  be  no  doul)t 
whatever  that  the  fissure  made  by  tension  from  the  Burning  Sprinjrs- 
Eureka  uplift  was  filled  with  petroleum  largely  from  the  sand  at  l,o3<) 
feet,  which  is  the  main  producing  rock  of  this  region,  though  the  *'  Big 
Injun  "  sand,  below  at  1,652  feet,  may  also  have  contributed  something. 
Then  the  oil  filling  the  fissure  was  gradually  converted  by  subsequent 
oxidation  from  infiltrating  water,  etcetera,  into  grahamite  without  any 
heat  other  than  that  afforded  by  the  temperature  of  the  earth,  since  there 
is  no  evidence  whatever  of  any  disturbance  of  the  rocks  in  the  immediat* 
region,  aside  from  a  gentle  tilt  conunon  to  the  rocks  of  every  oil-field. 
Hence  the  views  of  Wurtz  and  others  that  the  grahamite  originated  from 
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great  heat,  frying  or  baking  the  residuum  out  of  bituminous  shales  and 
forcing  it  in  a  pasty  condition  into  the  fissure,  is  entirely  erroneous,  since 
the  exhausted  oil  sand  immediately  under  the  region  fully  accounts  for 
the  formation  of  the  grahamite. 

Artificial  production  of  Grahamite 

Then,  too,  Mr  Walter  P.  Jenney,  in  the  April  number  of  the  American 
Cliemist  for  1875,  describes  how  lie  produced  in  the  laboratory  a  sub- 
stance precisely  similar  in  chemical  composition  to  grahamite  by  passing 
lieated  air  through  Pennsylvania  petroleum  for  several  hours,  so  there 
can  be  no  doubt  of  the  derivation  of  grahamite  from  oil  through  the  grad- 
ual escape  of  its  volatile  constituents  and  the  oxidation  of  the  residuum. 

Origin  of  similar  Substances 

A  corollary  from  this  conclusion  would  be  that  the  albertite  of  Nova 
Scotia  has  originated  in  the  same  way,  and  that  gilsonite,  uintaite, 
wurtzilite,  etcetera,  are  all  forms  of  oxidized  petroleum,  while  Mr  Diller, 
of  the  United  States  Geological  Survey,  believes  that  the  "  pitch  "  coal 
of  Coos  bay,  Oregon,  has  also  been  derived  from  the  same  source. 

The  wonderful  deposit  of  asphalt  on  the  island  of  Trinidad,  South 
America,  has  evidently  originated  from  the  upheaval,  and  the  removal 
by  erosion  of  the  cover  of  an  immense  pool  of  oil,  thus  subjecting  the 
oil  to  volatilization  and  oxidation.  Had  the  clays,  quicksands,  and 
gravels  which  cover  the  great  deposit  of  petroleum  at  Baku,  on  the  Cas- 
pian sea,  been  elevated  and  eroded  we  should  have  a  deposit  of  asphalt 
there  similar  to  that  on  the  island  of  Trinidad. 

The  graphites  and  other  deposits  of  carbon  in  the  Cambrian  and  })re- 
Cambrian  beds  are  8im})ly  sheet-like  outflows  of  petroleum  oxidized  and 
metamorphosed  by  atmospheric  and  igneous  agencies  respectively. 

Rklationship  between  Grahamite  and  Petroleum  Deposits 

A nother  corollary  to  be  drawn  from  the  conclusion  that  grahamite, 
albertite,  and  similar  substances  are  derived  from  petroleum  would  be 
that  in  regions  where  these  asphaltic  deposits  occur  we  may  expect  to 
find  accumulations  of  petroleum,  provided  the  rocks  remain  in  a  normal 
condition  and  are  not  too  greatly  disturbed. 

Bituminous  Material  from  Brooks  Well 

PLACE  AND  MODE  OF  OCCURRENCE 

The  Whiskey  Run  oil-pool  was  developed  in  Ritchie  county  early  in 
1898,  and  it  lies  about  as  far  north  from  Cairo  as  the  grahamite  deposit 
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does  south  from  it.  The  oil  occurs  in  the  Big  Injun  sand,  and  in  one 
of  the  wells  on  the  Brooks  farm  a  peculiar  bituminous  substance  was 
encountered  saturated  with  petroleum,  and  described  by  the  drillers  ajj 
tough  and  hard  to  penetrate — "  drilling  like  rubber,"  as  one  expressed 
it.  The  deposit  was  reported  as  8  feet  thick,  and  lying  dir.ectly  on  U)\) 
of  the  Greenbrier  limestone,  or  67  feet  above  the  Big  Injun  oil  sand. 
Some  of  the  material  was  washed  out  of  the  sand  pum pings  by  Professor 
John  F.  Carll,  the  geologist,  who  kindly  gave  me  samples  for  analysis, 
since  its  singular  geological  horizon  suggested  the  idea  that  it  might  l>e 
grahamite. 

GEOLOGICAL  RELATIONS 

The  following  record  of  Books  well  number  1,  Whiskey  Run  oil-pool. 
received  from  Mr  Carll,  will  show  the  geological  relations  of  the  mineral 
in  question : 

Record  of  Brooks  Well  Number  1 

Material.  Foet.  Feet. 

Unrecorded 530  to    530 

Pittsburg  coal 5  535 

Unrecorded 505  1,040 

Limy  shale  and  sand 10  1,050 

Unrecorded 50  1,100 

Sand,  grayish  white 10  1,110 

Unrecorded.    ...' 90  1,200 

Sand 20  1.220 

Unrecorded 30  1,250 

Sand 40  1,290 

Coal,  thin 

Sand 10  1,300 

Unrecorded 150  1,450 

Coal 5  1,455 

Unrecorded \ 145  1,600 

Slate 10  l,t>10 

Sand,  white 70  1,(>S0 

Coal  (?)  (asphalt),  saturated  with  oil 8  1,688 

Big  Lime  (Greenbrier) 67  1 ,755 

sand,  fine,  soft  (oil  at  1,761  feet) 10 

sand,  white 5 

sand  and  slate : . . .    4 

sand  to  bottom 54 

SUGGESTED  ORIGIN 

The  coaly  material  at  1,680  feet  was  found  only  in  this  Brooks  well 
number  1,  although  many  other  wells  have  been  drilled  within  short 
distances  from  it  on  the  Brooks  farm  and  others  adjoining ;  hence  it  is 


Big  Injun 


'     73      1,828 
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])03sible  that  it  may  be  some  type  of  asphalt  derived  from  the  under- 
lying petroleum  of  the  Pocono  or- Big  Injun  oil  sand. 

CHEMICAL  ANALYSES 

Specimens  of  the  material  pulverized  by  the  drill  and  preserved  by 
Mr  Carll  gave  the  following  proximate  analysis  to  Professor  B.  H.  Hite, 
chemist  of  the  West  Virginia  Agricultural  Experiment  Station,  com- 
pared with  an  analysis  of  grahamite  made  at  the  same  time : 

Material.                                                  Brooks  No.  1.  Orahamite. 

Moiatui-e 00.21  00.26 

Petroleum 1.40  

Volatile  matter 34.21  58.37 

Fixed  carbon 48.82  39.24 

Ash 16.36  2.13 

Total 100.00  100.00 

Sulphur ri3  1.25 

An  ultimate  analysis  of  another  sample  by  Professor  Hite  gave  the 
following  results,  compared  with  Mr  Wurtz'  analysis  of  grahamite  : 

Material.                                                    Brooks  No.  1.  Grahamite. 

Carbon , 59.20  76.45 

Hydrogen 5.77  7.83 

Oxygen 14.68  13.46 

Nitrogen 1.01  

Ash 19.34  2.26 

Total 100.00  100.00 

EFFECT  OF  SOLVENTS 

The  chemical  composition  of  the  material  from  the  Brooks  well,  espe- 
cially in  its  large  quantity  of  oxygen,  thus  appears  to  be  in  fair  agree- 
ment with  grahamite,  considering  the  large  amount  of  ash  or  earthy  ma- 
terial which  it  contains.  The  main  doubt  about  its  as})haltic  nature  is 
il{5  behavior  with  the  solvents  of  grahamite.  It  is  only  slightly  soluble  in 
them,  and  hence  this  leaves  the  question  open  for  still  further  investiga- 
tion, though  its  "  drilling  like  rubber,"  limited  (to  Brooks  well  number  1) 
occurrence,  and  saturation  with  petroleum  would  appear  to  be  strong 
evidence  against  its  being  coal. 

^      OCCURRENCE  AT  OTHER  LOCALITIES 

Of  the  hundreds  of  oil  wells  drilled  in  the  region,  only  one  other  has 
reported  any  cooZy  materiaZatthishorizon,and  that  was  in  Calhoun  county, 
30  miles  south  from  Cairo.    Here,  on  Leading  creek,  the  Cairo  Oil  com- 
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pany  drilled  a  well  on  the  Metz  land  which  gave  the  following  succes- 
sion, according  to  Mr  W.  K.  Jacobs,  superintendent: 

Material.  Feet.  Feet. 

Unrecorded l,380to  1,380 

Sand , eO  1,440 

Slate 20  1,460 

Unrecorded 85  1,545 

**  Salt  Sand  " 58  1,603 

Slate 

Unrecorded  and  sand 28  1 ,631 

Coal  (?)  (asphalt) 5  1,636 

Sand '        2  1 ,638 

Big  Lime  (Greenbrier) 106  1,744 

Big  Injun  sand  (gas,  1,788;  oil,  1,809) 68  1,812 

Slate  and  shells  to  bottom 25  1,837 

The  bituminous  matter  at  1,631,  reported  as  coal  by  the  drillers,  may 
possibly  have  been  of  asphaltic  origin,  since  it  is  situated  along  the  same 
belt  of  country  where  the  grahamite  of  Ritchiecounty  occurs,  and  about 
the  same  distance  east  from  the  Burning  Springs- Eureka  anticlinal  dis- 
turbance as  the  Brooks  farm  in  the  Whiskey  Run  oil-pool,  where  the  other 
anomalous  deposit  of  bituminous  material  was  discovered. 

Summary  of  Conclusions 

From  the  foregoing  there  are  drawn  the  following  conclusions : 

The  fissure  which  encloses  the  grahamite  of  Ritchie  county,  Wast 
Virginia,  was  made  by  tension  due  to  the  upheaval  of  the  measure;? 
along  the  Burning  Springs-Eureka  anticlinal. 

Grahamite,  albertite,  gilsonite,  and  asphalt  are  all  derived  from  the 
oxidation  of  petroleum. 

The  presence  of  these  substances  in  undisturbed  strata  may  be  used 
as  a  guide  to  the  discovery  of  oil  pools. 

Petroleum  accumulations  have  taken  place  in  all  sedimenUiry  beds 
from  the  earliest  to  the  latest,  and  the  graphite  beds  of  the  Cani])rian 
rocks  originated  from  oxidized  outflows  of  oil. 

Some  outflows  of  petroleum  appear  to  have  occurred  in  the  Cairo 
region  of  West  Virginia  at  the  close  of  the  Lower  Carboniferous  epoeh. 
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Introduction 


The  region  discussed  in  the  following  paper  embraces  northern  Costa 
Rica  and  southern  Nicaragua.  Its  special  interest  lies  in  the  fact  that 
it  contains  the  lowest  gap  in  the  Continental  divide  between  the  straits 
of  Magellan  and  the  Arctic  ocean,  and  probably  also  contains  the  most 
feasible  route  for  an  interoceanic  ship  canal. 

In  connection  with  the  investigations  of  the  canal  route  by  the  United 
States  Nicaragua  Canal  Commission,  the  writer  spent  ten  months  of  1898 
in  field-work  in  the  canal  region,  the  greater  part  of  which  was  in  the 
direction  of  drilling  operations.    In  this  way  much  detailed  information 
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• 

was  obtained  concerning  the  geology  immediately  upon  the  canal  route, 
but  little  opportunity  was  afforded  for  a  general  examination  of  the 
adjacent  region.  The  conditions  which  prevail  over  much  of  the  coun- 
try, however,  especially  the  presence  of  a  luxuriant  tropical  vegetation 
and  the  depth  of  rock  decay,  entirely  prevent,  or  at  least  greatly  hamper, 
ordinary  geological  field-work*  The  only  way  in  which  reliable  infor- 
mation concerning  the  underlying  rocks  can  be  obtained  is  therefore  by 
means  of  the  drill.  The  lack  of  more  extended  observations  is  most 
seriously  felt  in  the  paucity  of  information  concerning  the  physiography 
of  the  region  on  either  side  of  the  San  Juan  river  formerly  occupied  by 
the  Continental  divide.  This  region  is  densely  forested,  and,  having  no 
roads,  is  very  difficult  of  access.  It  contains  very  few  permanent  habi- 
tations, and  lb  visited  chiefly  by  native  rubber-hunters,  so  that  its  char- 
acteristics are  very  imperfectly  known.  Western  Nicaragua,  on  the 
other  hand,  is  not  heavily  forested,  and  contains  a  relatively  dense 
population.  For  these  and  other  reasons  information  concerning  this 
portion  of  the  region  is  comparatively  full. 

Topography 
obnebal  chabacteb  of  the  topogbapby 

I 

The  commonly  accepted  Humboldtian  view  of  the  topography  of  Cen- 
tral America  should  be  definitely  discarded  at  the  outset.  According  to 
this  view,  which  is  still  dominant  in  the  text-books,  a  continuous  moun- 
tain chain  connects  the  Cordilleran  system  of  western  North  America  with 
the  Andean  system  of  western  South  America.  Hill  *  has  fully  demon- 
strated the  falsity  of  this  old  view  and  shown  the  complete  independence 
of  the  orographic  systems  of  the  three  Americas.  The  due  east-and-west 
trend  of  the  Central  American  mountain  chains  is  perhaps  less  prevalent 
than  Hill  has  represented  it.  In  the  region  under  discussion,  at  least, 
there  is  a  distinct  northwest-southeast  trend  in  all  the  larger  topographic 
features.  The  same  trend  predominates  in  the  geologic  structures,  and 
the  two  are  doubtless  in  some  measure  connected.  The  northwest-south- 
east trend  is  observed  in  the  ranges  of  volcanic  peaks  which  cross  the 
isthmus  diagonally  from  the  Caribbean  sea  to  the  Pacific  in  northern 
Costa  Rica  and  western  Nicaragua.  It  is  also,  though  less  distinctly,  seen 
in  theChontales  hills  between  the  Caribbean  sea  and  the  lakes,  and  again 
in  the  great  depression  which  extends  diagonally  across  the  isthmus  be- 

*  Robert  T.  Hill :  Fundamental  Geographic  Relations  of  three  Americas.    Nat.  Oeog.  Mag.,  vol. 
▼ii,  1896,  pp.  175-181, 
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tween  the  volcanic  ranges  on  the  southwest  and  the  Chontales  hills  on 
the  northeast. 

CLASSIFICATION  OF  TOPOGRAPHIC  FEATURES 

Types  in  general, — Three  distinct  types  of  topography  are  encountered 
in  this  portion  of  Central  America,  namely  : 

Oldland  areas  with  maturely  developed  degradational  surfaces. 

Recent  volcanic  cones  and  plateaus  with  slightly  modified  construc- 
tional surfaces. 

Recent  floodplains  and  deltas  with  still  forming  aggradational  surfaces. 

The  oldland  occupies  much  the  larger  portion  of  the  region  represented 
on  the  accompanying  map.  It  forms  most  of  the  San  Juan  valley,  and 
expands  northward  between  the  divergent  lines  of  the  Caribbean  coast 
and  the  Nicaragua-Managua  lake  basins.  It  also  forms  the  narrower 
portion  of  the  land  strip  between  the  former  lake  and  the  Pacific.  This 
part  of  the  region  appears  to  have  been  above  sealevel  since  the  middle 
of  the  Tertiary,  and  the  form  of  its  surface  is  due  entirely  to  the  action 
of  subaerial  gradational  forces.  Although  composed  largely  of  volcanic 
materials,  the  original  constructional  surfaces  appear  to  be  entirely 
obliterated. 

The  recent  volcanic  cones  constitute  two  ranges — the  Costa  Bican 
range,  terminating  in  the  volcano  Orosi,  and  the  parallel  Nicaraguan 
range,  which  extends  from  Madera  northwest  to  the  gulf  of  Fonseca. 
The  eruptions  which  gave  rise  to  the  Costa  Rican  range  appear  to  have 
broken  out  on  a  somewhat  elevated  land  surface,  perhaps  similar  in  age 
and  topographic  development  to  the  present  Chontales  hills.  The 
northern  series  of  eruptions,  on  the  other  hand,  occurred  on  the  sea 
bottom  along  a  line  near  the  center  of  a  bay  which  formerly  indented 
the  Pacific  coast.  Most  of  the  volcanoes  constituting  these  two  ranges 
are  extinct,  or  at  least  quiescent,  but  they  are  so  recent  that  their  con- 
structional slopes  are  only  slightly  modified  by  subsequent  erosion.  The 
same  is  true  of  the  gently  sloping  volcanic  plateaus  from  which  rise  the 
cones  of  the  northern  range. 

The  floodplains  and  deltas  form  a  comparatively  small  part  of  the 
region,  but  their  importance  is  out  of  proportion  to  their  extent,  partic- 
ularly from  the  viewpoint  of  the  canal  engineer.  By  a  recent  depression 
of  the  land  all  the  streams  entering  the  sea  have  been  drowned  and  the 
estuaries  thus  formed  have  been  silted  up.  The  deltaplains  are  the  sea- 
ward extension  of  the  floodplains,  and  hence  are  the  most  recent  topo- 
graphic forms  of  the  region,  and  the  method  of  their  formation  may  still 
be  observed  in  active  progress. 
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The  various  topographic  features  mentioned  in  the  above  primary 
classification  may  now  be  taken  up  and  described  somewhat  more  fully. 
Since  the  oldland  occupies  the  largest  area  and  has  more  complex  forms 
of  relief,  which  are  intimately  connected  with  the  recent  history  of  the 
region,  greater  attention  will  be  devoted  to  this  division,  and  particularly 
to  that  portion  of  it  which  constitutes  the  Nicaraguan  depression. 

When  examined  in  detail  the  surface  of  the  oldland  is  found  to  have 
considerable  diversity  in  its  relief,  and  its  topographic  forms  naturally 
fall  into  three  classes.  These  are  (1)  fairly  well  developed  peneplains, 
nvhich  rise  gradually  from  either  coast  toward  the  axis  of  the  isthmus 
until  recent  geologic  time  occupied  by  the  Continental  divide ;  (2)  many 
valleys  which  intersect  the  surface  of  the  peneplain,  having  been  cut 
during  a  period  of  high  level  and  subsequently  depressed  below  sealevel, 
and  (3)  residual  hills  which  rise  distinctly  above  the  peneplain  surface 
and  are  most  numerous  toward  the  axis  of  the  isthmus  along  the  former 
Continental  divide. 

For  convenience  of  description  the  valleys  will  be  taken  up  first,  and 
since  these  have  been  silted  up  by  recent  alluvial  deposits,  the  floodplains 
and  the  coastal  deltaplains  will  be  described  at  the  same  time. 

Alluvial  plains. — The  coastal  plain  on  the  Atlantic  side  of  the  isthmus 
increases  from  a  mere  fringe  at  the  base  of  the  mountains  in  Costa  Rica 
northward  to  a  belt  from  10  to  15  miles  wide  in  the  vicinity  of  Grey  town. 
It  is  formed  wholly  of  materials  brought  down  by  the  rivers  heading  in 
the  Costa  Rican  volcanoes — is  in  fact  a  series  of  coalescing  deltas,  of 
which  the  largest  is  that  formed  by  San  Juan  river.  The  sediment 
brought  down  to  the  sea  by  streams  north  of  the  San  Juan  is  very  small 
compared  with  that  brought  down  by  those  to  the  south.  The  more 
rapidly  growing  southern  deltas  would  therefore  be  extended  seaward 
except  for  a  strong  northward  littoral  sand  current  set  up  by  the  oblique 
direction  at  which  the  prevailing  winds  strike  the  shore.  The  true  lit- 
t<>ral  current  in  this  portion  of  the  Caribbean  sea  is  to  the  southward, 
Imt  its  capacity  for  transporting  sediment  is  more  than  neutralized  by 
the  active  northward  sand  drift  within  the  zone  of  surf  action.  This 
sand  drift  tends  to  distribute  the  sediment  evenly  along  the  coast  and 
preserve  gently  curving  coastlines.  Notwithstanding  this  tendency,  the 
San  Juan  delta  has  been  built  out  a  short  distance  into  the  Caribbean, 
forming  a  shallow  embayment  to  the  northward  of  Harbor  Head. 

The  level  surface  of  the  deltaplain  is  interrupted  by  numerous  low 
rounded  hills  composed  of  residual  clay  derived  from  the  decay  of  rock 
171  situ,  and  differing  decidedly  in  appearance  and  composition  from  the 
surrounding  alluvium.  These  hills  have  the  form  and  appearance  of 
islands  rising  above  the  level  deltaplain,  and  it  is  quite  probable  that  they 
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were  at  one  time  islands  fringing  the  shore  before  the  alluvial  deposits 
extended  out  to  them  and  connected  them  with  the  mainland. 

The  inner  margin  of  the  deltaplain  is  extremely  irregular.  The  isolated 
hills  increase  in  number  and  size  and  finally  merge  with  the  dissected 
interior  highland,  while  the  deltaplain  itself  merges  with  the  broad  flood- 
plains  of  the  streams. 

The  surface  of  the  deltaplain  in  its  seaward  portion  is  but  a  few  feet 
above  tidelevel.  Its  extreme  outer  margin  is  marked  by  low  ridges 
parallel  with  the  shore,  formed  by  the  sand  thrown  up  during  excep- 
tional storms.  From  the  shore  margin  the  surface  of  the  plain  ascends 
toward  the  interior  at  a  fairly  uniform  rate  of  about  28  inches  to  the  mile. 

The  surface  of  the  deltaplain  is  also  diversified  by  numerous  small 
lakes  and  lagoons.  These  are  produced  chiefly  by  the  formation  of 
sandspits  and  by  unequal  sedimentation. 

Sediment  is  delivered  by  the  larger  streams  slightly  faster  than  it  can 
be  distributed  by  the  littoral  current;  hence  it  tends  to  build  out  a 
delta;  but  this  is  deflected  in  the  direction  of  the  current  and  forms  a 
curved  sandspit,  which  for  a  time  makes  a  well  sheltered  harbor.  As 
the  sandspit  continues  to  grow,  however,  its  point  eventually  joins  the 
mainland,  and  the  harbor  is  converted  into  a  closed  lagoon.  This  com- 
plete cycle  of  changes  has  taken  place  at  Greytown  during  the  last  cen- 
tury and  a  half*  The  cycle  has  also  been  repeated  at  the  same  point 
several  times  [)revious  to  the  last,  giving  rise  to  the  several  distinct 
lagoons  which  occur  back  of  the  one  last  formed. 

The  second  method  by  which  lagoons  are  formed  on  the  deltaplain  is 
by  unequal  sedimentation.  As  the  coast  was  built  outward  by  additions 
to  its  outer  margin  it  advanced  past  numerous  islands  fringing  the  shore 
and  which  in  some  cases  prevented  the  uniform  deposition  of  sediment 
by  interrupting  the  littoral  sand  stream,  and  these  areas,  in  which  little 
or  no  deposition  took  place,  subsequently  formed  lakes.  Perhaps  the 
best  example  of  a  lake  formed  in  this  manner  is  lake  Silico.  This  occu- 
pies what  was  evidently  at  one  time  a  bay  sheltered  by  the  Silico  hills. 
which  then  formed  a  group  of  islands.  As  the  deltaplain  was  built  out, 
connecting  these  islands  with  the  mainland,  the  sheltered  bay  was  not 
filled  by  sediment,  but  its  opening  was  cut  ofi^  and  a  lake  thus  formed. 

Another  class  of  lakes  or  lagoons  formed  by  unequal  sedimentation  is 
found  about  the  margins  of  the  deltaplain  and  the  river  floodplains. 
The  rivers  which  head  upon  the  Costa  Rican  volcanoes  carry  a  much 
inore  abundant  supjdy  of  sediment  than  the  smaller  streams  which  flow 
from  a  region  composed  of  compact  residual  clays  protected  by  a  heavy 
mantle  of  vegetation.  Hence  the  floodplains  of  the  larger  streams,  as 
the  San  Juan,  are  built  up  more  rapidly  thauthose  of  their  tributarie9« 
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The  latter  are  therefore  dammed  and  form  lagoons  in  their  upper  basins. 
The  Florida  lagoon  is  a  typical  example  of  this  class. 

The  lagoons  of  the  deltaplain  formed  in  these  various  ways  are  at  first 
open  lakes,  but  they  gradually  become  choked  by  vegetation  and  filled 
with  fine  silt,  so  that  they  are  converted  into  grassy  marshes,  and  finally, 
when  the  silt  becomes  sufficiently  consolidated  to  form  a  stable  support, 
the  forest  trees  encroach  on  the  marsh  and  all  trace  of  the  lagoon  is  lost. 
Numerous  examples  occur  on  the  deltaplains  illustrating  every  step  in 
the  process :  first  the  open  lagoon,  then  the  floating  grass  mat,  then  the 
silico  swamp,  and  finally  the  heavy  forest. 

As  already  indicated,  the  deltaplain  at  its  inner  margin  mei^es  with 
the  broad  floodplain  of  the  San  Juan  river,  and  any  line  separating  the 
two  would  be  purely  arbitrary.  For  convenience,  however,  the  head  of 
the  delta  may  be  placed  at  the  point  where  the  first  distributary,  the 
San  Juanillo,  leaves  the  main  stream. 

Most  floodplains  are  formed  by  the  lateral  cutting  of  streams  as  they 
swing  from  side  to  side  in  their  valleys.  A  plain  thus  cut  in  the  under- 
lying rocks  is  usually  covered  with  a  thin  sheet  of  alluvial  material. 
The  floodplains  of  this  region,  however,  belong  to  a  totally  different 
class.  They  include  no  level  plains  cut  in  the  underlying  rock  or  resid- 
ual material  which  covers  the  rock.  On  the  other  hand,  the  alluvium 
has  very  considerable  depth,  and,  instead  of  forming  a  layer  of  uniform 
thickness,  fills  a  seriesjof  old  stream  channels.  It  is  evident  that  these 
channels  were  formed  when  the  land  stood  higher  than  now,  for  many 
of  them  extend  below  sealevel.  There  is  thus  an  old  land  surface  con- 
cealed beneath  the  alluvial  deposits,  and  a  consideration  of  its  topography 
becomes  a  matter  of  prime  importance  to  the  engineer.  This  buried 
topography  will  be  considered  more  fully  in  connection  with  the  un- 
baried  portion  of  the  same  surface — that  is,  the  surface  of  the  hills  rising 
above  the  margins  of  the  alluvial  plains  (see  plate  31). 

Extensive  floodplains  extend  up  the  San  Juan  river  to  the-  mouth  of 
the  San  Carlos.  Above  this  to  the  head  of  the  Toro  rapids  the  river 
flows  in  a  comparatively  narrow  gorge,  and  its  floodplains  are  narrow 
and  inconspicuous.  From  the  Boca  San  Carlos  downward  to  the  head 
of  the  delta,  floodplains  are  always  present  on  one  or  both  sides  of  the 
river,  though  they  are  most  extensively  developed  on  the  south  side. 
The  surface  is  slightly  higher  near  the  river,  forming  the  natural  levee 
which  characterizes  most  floodplains.  The  outer  margins  are  depressed 
and  occupied  by  swamps  or  lagoons.  The  surface  of  the  floodplains  in 
the  vicinity  of  the  Boca  San  Carlos  varies  from  15  to  20  feet  above  the 
river  at  ordinary  low  stages.  As  the  plains  become  more  extensive 
downstream  their  surface  is  slightly  less  elevated,  since  the  floods  which 
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deposit  the  alluvium,  having  opportunity  to  spread  over  a  much  larger 
area,  do  not  rise  so  high. 

The  slope  of  the  floodplains  from  the  Boca  San  Carlos  to  the  head  of 
the  delta  is  about  11  inches  per  mile.  This  slope  is  dependent  on  the 
volume  of  the  river  and  the  character  and  quantity  of  the  sediment 
which  it  carries.  It  is  therefore  much  steeper  below  the  mouth  of  the 
San  Carlos  than  above,  for  it  is  from  this  stream  that  the  greater  part  of 
the  coarse  sediment  in  the  lower  river  is  derived. 

As  stated  above,  the  floodplains  are  inconspicuous  from  the  Boca  San 
Carlos  to  the  head  of  the  Toro  rapids.  The  river  flows  in  a  compara- 
tively narrow  gorge  and  is  generally  bordered  by  rather  steep  hills,  which 
approach  nearly  to  the  river  channel.  At  the  head  of  the  Toro  rapids, 
however,  the  valley  widens,  and  from  this  point  to  the  lake  the  river  is 
everywhere  bordered  on  one  or  both  sides  by  extensive  floodplains. 
Although  their  general  relations  to  the  river  are  similar  to  those  border- 
ing its  lower  course,  they  yet  difier  in  some  important  particulars.  They 
have  been  formed  by  sediment  borne,  not  by  the  river  itself,  but  by 
tributaries  coming  into  the  valley  on  either  side.  They  thus  have  the 
form  of  coalescing  deltas.  The  natural  levee,  which  is  a  conspicuous 
feature  in  the  floodplains  of  the  lower  river,  is  absent,  and  the  plains 
generally  show  a  gradual  descent  from  their  outer  margins  toward  the 
river.  Hence  there  are  no  lagoons  on  the  tributaries  such  as  are  found  on 
the  tributaries  of  the  lower  river,  and  the  floodplaiii  becomes  gradually 
firmer  and  more  heavily  wooded  with  increasing  distance  from  the  river. 
From  the  mode  of  formation  of  these  plains  it  is  manifest  that  the  river 
is  in  a  stable  position  and  does  not  show  that  tendency  to  seek  a  new 
channel  which  is  characteristic  of  delta  streams. 

Most  of  the  streams  entering  lake  Nicaragua  on  its  northeastern  side 
at  one  time  entered  the  heads  of  estuaries.  These  estuaries  have  been 
almost  entirely  filled  with  alluvial  deposits,  and  in  some  cases  somewhat 
extensive  deltas  have  been  built  out  into  the  lake.  The  absence  of  a  surf 
in  this  portion  of  the  lake,  except  on  rare  occasions,  owing  to  the  direc- 
tion of  prevailing  winds,  permits  the  building  of  deltas  which  carry  the 
distributaries  of  the  streams  a  considerable  distance  out  from  the  general 
shore  line.  The  most  extensive  alluvial  deposits  about  the  lake  are  at  its 
southern  end.  This  portion  of  the  lake  basin  appears  to  have  been  orig- 
inally rather  shallow,  and  the  sediment  brought  in  by  streams  from  the 
south,  notably  by  the  Rio  Frio,  has  considerably  contracted  its  area. 
The  newly  added  land  forms  about  the  margin  of  the  lake  an  extensive 
swamp,  through  which  the  streams  meander  in  a  network  of  interlacing 
distributaries,  all  more  or  less  obstructed  by  vegetation.  The  land  be- 
comes gradually  firmer  aUincreasing  distances  from  the  lake,  and  finally 
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passes  into  an  ordinary  alluvial  floodplain.  Streams  entering  the  lake 
from  the  southwest  in  general  flow  in  channels  which  were  at  one  time 
excavated  to  a  very  inconsiderable  depth  below  the  present  surface  of  the 
plain  through  which  they  flowed.  This  plain,  it  may  be  remarked  in 
})assing,  is  not  alluvial,  but  is  a  plain  of  degradation  ;  hence  these  streams 
are  bordered  by  very  inconsiderable  alluvial  plains,  and  that  only  near 
the  lake.  The  streams  entering  the  Pacific  from  this  portion  of  the 
isthmus  are  all  short  and  consequently  small,  since  the  Continental  divide 
is  near  the  west  coast.  They  occupy  valleys  which  have  been  cut  to  a 
raucli  greater  depth  than  they  have  at  present,  and  these  old  valleys  have 
been  recently  drowned  and  more  or  less  perfectly  filled  with  alluvial  de- 
posits. Where  the  filling  is  not  quite  complete  an  estuary  occupies  the 
old  river  valley  and  forms  at  harbor,  as  is  the  case  at  San  Juan  del  Sur. 
Where  the  filling  is  complete,  as  in  the  valley  of  the  Rio  Grande,  the 
headlands  which  mark  the  margins  of  the  former  deep  valley  are  con- 
nected by  a  curved  beach,  which  does  not  indent  the  coast  to  any  appre- 
ciable extent.  The  depth  of  the  alluvium  in  the  Rio  Grande  valley  varies 
from  about  40  feet  at  the  head  of  the  floodplain  to  something  over  100 
feet  at  the  coast  The  stream  which  has  filled  this  valley  carries  at  cer- 
tain seasons  an  abundant  supply  of  sediment,  so  that  the  seaward  slope 
of  the  floodplain  is  rather  steep,  a  little  over  10  feet  to  the  mile.  The  con- 
ditions in  this  region  which  determine  the  mte  of  erosion  are  much  more 
favonible  to  rapid  degradation  of  the  surface  than  in  the  region  of  much 
greater  rainfall  to  the  east,  where  the  rain  is  distributed  evenly  through- 
out the  year.  The  streams  are  alternately  shrunken  to  mere  rivulets  and 
swelle<l  to  torrents,  and  the  resulting  floodplain  has  somewhat  the  char- 
acter of  an  alluvial  cone. 

Dissected  peneplain, — The  group  of  topographic  forms  to  be  described 
next  in  order  after  the  alluvial  plains  consists  of  a  more  or  less  com- 
pletely dissected  plain  or  i)eneplain  of  degradation.  In  order  to  under- 
stand the  present  topography  it  is  necessary  to  consider  the  original 
form  of  this  plain  and  the  manner  in  which  it  was  developed.  The 
conditions  which  prevailed  prior  to  its  formation  cannot  be  definitely 
determined,  but  may  be  inferred  in  a  general  way.  There  was  probably 
a  somewhat  elevated  plateau,  growing  broader  and  higher  both  to  the 
northward  and  the  southward  from  a  somewhat  constricted  region,  now 
occupied  by  the  Nicaraguan  depression.  The  Continental  divide  at  that 
time  probably  occupied  a  position  near  the  central  part  of  the  isthmus, 
crossing  the  present  San  Juan  valley  in  the  vicinity  of  the  Castillo  rapids, 
and  streams  heading  upon  this  divide  flowed  to  the  seas  on  either  side. 
Another  important  difference  was  in  the  form  and  position  of  the  Pacific 
coastline.    These  differences  in  the  geography  of  the  region,  so  far  as 
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they  can  be  inferred,  are  represented  on  the  accompanying  sketch  map 
(plate  30).  It  will  be  noted  that  lake  Nicaragua  did  not  then  exist.  Its 
present  basin  was  occupied  in  part  by  a  bay  indenting  the  coastline  ami 
in  part  by  the  basins  of  rivers  tributary  to  this  bay.  The  region  occu- 
pied by  the  volcanic  peaks  of  the  Nicaraguan  range  and  the  volcanic 
plateau  west  of  the  lake  was  then  occupied  by  the  sea.  A  cape  project- 
ing northward  between  the  sea  and  the  bay  was  composed  of  low  hills. 
now  forming  the  Continental  divide  southwest  of  the  lake. 
.  In  still  other  respects  the  drainage  of  the  region  during  the  formation 
of  this  peneplain  differed  from  the  present.  The  San  Juan  river  receives 
only  small  tributaries  from  the  north,  while  it  receives  both  small  and 
large  from  the  south.  The  large  tributaries  include  the  Frio,  Poco  Sol, 
San  Carlos,  and  Sarapiqui.  These  all  head  on  the  slopes  of  the  Costii 
Rican  volcanic  range,  which  forms  the  southern  margin  of  the  Nicaraguan 
depression.  The  upper  portions  of  these  streams  are  normal  to  the 
mountain  range,  the  axes  of  their  valleys  being  at  right  angles  to  the  axis 
of  the  range,  and  also  to  the  general  course  of  the  San  Juan.  Midway 
of  their  courses,  however,  there  is  an  abrupt  change  in  direction.  The 
Frio  and  Poco  Sol  bend  westward,  while  the  San  Carlos  and  Sarapiqui 
bend  eastward,  the  axes  of  the  lower  valleys  in  every  case  making  a 
rather  acute  angle  with  the  course  of  the  San  Juan.  It  seems  probable 
that  when  the  peneplain  was  being  developed  in  this  region  the  two 
rivers  whose  basins  now  form  that  of  the  San  Juan  occupied  the  axe?  of 
those  basins,  receiving  tributaries  of  equal  length  from  either  side.  The 
volcanic  eruptions  to  the  south,  however,  obliterated  the  former  drain- 
age of  that  region,  and  the  consequent  streams  developed  on  the  flanks 
of  the  newly  formed  mountains  were  turned  northeast,  discharging  into 
the  heads  of  the  preexisting  small  tributaries.  It  thus  api)ear8  that  the 
four  above  named  southern  tributaries  of  the  San  Juan  have  composite 
courses.  Tlieir  upper  courses,  normal  to  the  trunk  stream,  are  conse- 
quent on  the  constructional  slope  of  the  recent  volcanic  range ;  their 
lower  couraes,  making  acute  angles  with  the  trunk  stream,  are  inherited 
from  the  normally  developed,  small  tributaries  of  two  streams  flowing 
respectively  southeast  and  northwest. 

The  rapidity  with  which  the  streams  heading  upon  the  Continental 
divide  reduced  their  valleys  to  baselevel  depended  chiefly  upon  the 
character  of  the  rocks  which  they  encountered,  while  the  rate  at  which 
the  divide  was  lowered  by  the  action  of  opposing  streams  depended  on 
the  character  of  the  rocks  and  the  distance  of  the  divide  from  the  coast 
or  the  width  of  the  isthmus.  The  region  to  the  northward  is  probably 
occupied  by  the  older  and  more  resistant  rocks,  including  gneisses 
schists,  and  quartzites.     Of  that  to  the  south  very  little  is  known,  since 
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its  topography  has  been  entirely  changed  and  its  older  rock  formations 
concealed  by  the  recent  eruptions  of  its  volcanoes.     From  this  combina- 
tion of  circumstances  it  followed  that  the  surface  was  most  completely 
degraded  and  the  divide  most  rapidly  lowered  along  a  belt  extending 
diagonally  across  the  isthmus  and  now  forming  the  great  Nicaraguan 
depression.     A  broad  river  basin  was  developed  on  the  east  side  of  the 
divide,  occupying  the  present  position  of  the  lower  San  Juan  basin. 
The  land  between  its  various  southern  tributaries  was  reduced  to  low 
relief.     Its  northern  tributaries  were  separated   by  somewhat  higher 
hills,  probably  the  result  chiefly  of  the  greater  original  elevation  of  this 
portion  of  the  region.     Another  river  system  developed  a  similar  basin 
with  its  outlet  to  the  west.     The  several  upper  tributaries  of  each  of 
these  two  river  systems  headed  on  the  Continental  divide  in  low  gaps 
against  the  tributaries  of  the  otlier  system.    The  basin  of  the  western 
system  was  somewhat  larger  than  the  one  on  the  east  of  the  divide. 
Its  lower  portion  was  separated  from  the  Pacific  by  a  range  of  hills 
which  continued  northwestward,  forming  the  cape  between  the  then 
existing  bay  and  the  ocean.     The  southern  portion  of  the  present  basin 
of  lake  Nicaragua  was  occupied  by  this  river  system,  and  extensive 
plains  were  developed  on  either  side  of  the  axis  extending  up  the  tribu- 
taries as  broad  valleys  well  back  into  the  surrounding  hills. 

The  foregoing  brief  account  of  the  original  extent  of  this  peneplain 
and  the  manner  in  which  it  was  formed  is  an  essential  preliminary  to 
an  understanding  of  the  present  topography.     At  the  conclusion  of  the 
long  period  of  degradation,  during  which  the  surface  of  the  region  now 
occupied  by  the  Nicaraguan  depression  was  reduced  to  a  low  relief,  the 
land  was  slowly  elevated  until  it  stood  some  hundred  feet  higher  than 
before  and  perhaps  200  feet  higher  than  now.    The  elevation  stimulated 
the  streams  to  renewed  activity,  and  they  began  trenching  the  valleys 
which  they  had  previously  formed.    The  erosion  was  at  first  most  active 
near  the  coast,  and  worked  backward  toward  the  interior  most  rapidly 
along  the  largest  streams.    The  portions  of  the  peneplain  most  com- 
pletely dissected  were  therefore  its  outer  margins.     Here  the  surface  was 
almost  entirely  reduced  to  the  lower  haselevel,  and  only  a  few  rounded 
hills  on  the  divides  retained  any  trace  of  the  former  plain.     The  first  of 
these  remnants  seen  on  ascending  the  San  Juan  are  in  the  vicinity  of 
the  delta  head  where  low  hills  approach  the  river  on  the  north  side. 
This  region,  however,  has  been  so  deeply  dissected  that  the  hilltops 
scarcely  suggest  the  existence  of  a  former  plain.     Other  hills  of  similar 
character  occur  along  the  river,  chiefly  on  the  north  side,  although  the 
moat  prominent  hills  which  come  down  to  the  river  do  not  belong  to  the 
group  now  being  described,  but  to  the  residual  hills  which  rose  above 
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the  surface  of  the  old  plain  at  the  time  of  its  most  perfect  development. 
The  remnants  of  the  dissected  plain  increase  in  number  and  in  the  reg- 
ularity of  their  summits  until,  in  the  vicinity  of  Ochoa,  their  uniformity 
is  such  that  the  j)osition  of  the  old  peneplain  can  be  accurately  deter- 
mined. The  dense  tropical  forests  mask  tlie  minor  topographic  feature^^ 
so  that  the  uniformity  in  the  summits  of  the  hills  is  not  at  once  apparent. 
The  detailed  contour  maps,  however,  of  those  portions  of  the  region  which 
have  been  actually  surveyed  exhibit  the  uniformity  in  a  striking  man- 
ner. The  present  elevation  of  the  hilltops  in  this  region  is  about  150 
feet  above  sealevel.  To  the  south  of  the  river  the  old  plain  was  very  ex- 
tensively developed,  and  while  it  has  suffered  much  subsequent  dissec- 
tion, there  is  a  large  area  in  which  its  former  position  can  be  readily 
determined  by  the  summits  of  the  present  hills.  To  the  north  of  the 
river  it  was  less  extensive,  forming  only  broad  valleys  between  the  resid- 
ual hills  which  occupied  the  divides.  Although  not  so  extensively  de- 
veloped here  as  south  of  the  river,  the  plain  has  been  somewhat  better 
preserved,  and  many  streams  are  found  which  have  not  yet  lowered 
their  valleys  appreciably  below  the  old  surface.  Heading  on  the  steep 
residual  hills,  their  upper  courses  are  in  sharply  cut  V-shaped  val- 
leys. Emerging  from  these,  they  flow  in  shallow  valleys  across  the  rem- 
nant o.f  the  old  plain,  their  channels  meandering  and  obstructed  by 
swamps.  Farther  down  they  enter  narrow  gorges  which  they  have  cut 
and  are  still  deepening  in  the  old  peneplain.  Still  farther  down  they  , 
are  bordered  by  alluvi/il  plains,  where  the  valleys  which  they  cut  in  the 
old  plain  have  been  depressed  below  baselevel  And  so  silted  U|). 

Continuing  westward  from  Ochoa,  the  summits  of  the  hills  become  less 
uniform  in  altitude,  corresponding  with  the  originally  less  perfect  develop- 
ment of  the  old  peneplain  in  the  vicinity  of  the  former  Continental  divide. 
Along  the  upper  portion  of  the  river,  west  of  the  Toro  rapids,  are  numer- 
ous low,  rounded  hills  merging  on  either  side  of  the  valley  with  a  more 
continuous  upland,  and  these  probably  mark  the  position  of  the  former 
peneplain..  It  slopes  gently  westward  and  probably  passes  beneath  the 
waters  of  lake  Nicaragua.  The  broad  valleys  bordering  the  streams 
which  enter  the  northeastern  side  of  the  lake  and  the  level  plain  which 
forms  the  western  margin  of  the  lake  basin  probably  constitute  parts  of 
this  old  plain,  which  have  here  almost  entirely  escaped  dissection. 

In  connection  with  the  remnants  of  this  old  peneplain,  the  topography 
of  the  surfiice  now  concealed  by  the  alluvial  deposits  should  be  consiJ- 
ered.  At  the  close  of  the  period  of  high  level,  during  which  the  plain 
was  dissected,  the  valleys  were  rather  narrow  with  steep  slopes  except 
near  the  coast.  If  the  subsidence  which  inaugurated  the  period  of  allu- 
viation  had  occurred  all  at  once,  tidewater  would  have  extended  up  the 
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valley  of  the  San  Juan  river  beyond  the  Boca  San  Carlos,  and  also  some 
distance  up  its  tributaries.  It  ife  probable,  however,  that  the  land  sank 
very  slowly,  so  that  the  estuaries  were  never  deep,  but  were  filled  by  al- 
luvium almost  as  fast  as  formed.  The  depth  of  these  old  valleys  having 
been  determined  by  borings  at  various  points  on  the  trunk  stream  and 
some  of  its  tributaiies,  it  is  possible  to  reconstruct  the  former  surface  and 
determine  approximately  the  depth  of  the  alluvial  filling  in  any  part  of 
the  drainage  system.  It  is  found  that  the  erosion  of  the  hills  has  been 
inconsiderable,  since  the  submergence  for  the  slopes  above  the  margin  of 
the  Hood  plains  are  practically  the  same  as  the  old  slope  beneath  the  al- 
luvial cover.  The  valleys  of  the  lower  San  Juan  and  its  tributaries  have 
been  filled  in  such  a  manner  that  the  present  streams  follow  very  nearly 
the  same  course  as  the  streams  which  formed  the  valleys.  In  some  cases 
their  meanders  have  carried  them  to  one  side  or  the  other  of  the  old 
valley,  where  they  are  now  cutting  against  the  bordering  hills  of  residual 
clay.     The  form  of  the  old  San  Juan  valley  is  shown  on  plate  31. 

The  original  form  of  the  surface  concealed  by  the  floodplain  of  the 
upper  San  Juan  is  much  more  difficult  to  make  out.  This  plain  was 
formed  by  deposition  in  quiet  water,  the  river  valley  being  entirely 
drowned.  Hence  the  present  channel  was  not  determined  by  the  deepest 
portion  of  the  old  valley,  but  by  tlie  relative  amounts  of  sediment  brought 
into  this  portion  of  the  lake  by  tributaries  on  either  side.  It  is  evident 
that  the  stream  bearing  the  largest  amount  of  sediment  is  the  Rio  Frio, 
and  the  delta  of  this  stream  has  pushed  the  outlet  of  the  lake  northward 
away  from  the  deeper  portion  of  the  old  valley  and  against  the  hills 
which  formed  its  margin.  The  same  thing  is  seen  at  various  points  be- 
tween the  lake  and  the  Toro  rapids.  At  numerous  points  the  meanders 
of  the  river  carry  it  away  fi'om  the  deeper  portions  of  the  old  valley  and 
against  the  marginal  hills.  In  most  cases  these  meanders  are  not  acci- 
dental, but  are  determined  by  the  entrance  of  a  tributary  on  the  opposite 
side.  It  is  therefore  impossible  to  determine  the  position  of  the  stream 
which  formerly  occupied  this  valley  from  the  present  position  of  the  San 
Juan.  Sufficient  boring  has  been  done  in  this  portion  of  the  river  chan- 
nel, however,  to  determine  ihe  fact  that  the  rock  or  residual  clay  slopes 
of  the  hills  which  at  present  rise  above  the  alluvial  plain  continue  prac- 
tically unchanged  beneath  the  alluvium.  The  importance  of  this  fact 
m  the  location  of  the  canal  line  is  at  once  apparent.  The  line  in  general 
follows  the  channel  of  the  river,  but  if  this  were  strictly  followed  con- 
siderable rock  excavation  would  be  necessary  where  the  channel  swings 
against  one  of  the  marginal  hills.  It  is  evident,  however,  that  by  shift- 
ing the  line  away  from  the  hill  the  rocky  slope  will  pass  below  the 
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bottom  of  the  canal,  so  that  the  excavation  necessary  to  secure  the  re- 
quired depth  will  be  entirely  in  alluvium. 

Residxud  hUls, — The  third  group  of  topographic  forms  which  character- 
ize the  old  land  area  embraces  the  hills  rising  distinctly  above  the  present 
tops  of  the  lower  hills  and  representing  portions  of  the  surface  never  re- 
duced to  the  level  of  the  old  peneplain.  The  summits  of  these  hills  are 
entirely  different  from  the  dissected  remnants  of  the  peneplain  abore 
described.  The  crests  are  always  sharp  and  serrate,  with  no  uniformity 
whatever  in  their  altitudes. 

The  hills  of  the  Eastern  divide  lying  between  the  basins  of  the  Deseado 
and  San  Francisco  form  a  characteristic  group  belonging  to  this  class. 

Their  slopes  are  extremely  steep  and  their  sides  are  furrowed  by  sharp 
V-shaped  ravines.  Around  their  base  are  remnants  of  the  old  plain 
above  which  they  formerly  rose,  now  appearing  as  rounded  hills  with 
uniform  summits.  Long  spurs  radiate  from  the  central  mass  of  the 
£]astern  Divide  hills  and  reach  the  San  Juan  river  at  several  points, 
forming  the  high  ridges  at  Sarapiqui,  Tamborcito,  Tamborgrande,  and 
San  Francisco.  Another  prominent  group  of  hills  belonging  to  tliis 
series  occui's  at  the  junction  of  the  San  Juan  and  San  Carlos.  These 
have  a  form  similar  to  that  of  the  Elastern  Divide  hills,  but  the  group  is 
somewhat  smaller.  The  upper  slopes  are  extremely  steep  and  the  sides 
are  deeply  gullied,  while  the  summit  as  seen  from  either  side  presents  a 
sharply  serrate  outline.  The  altitude  of  the  San  Carlos  hills  is  about 
1,200  feet.  These  isolated  groups  of  high  hills  occur  with  increasing 
frequency  toward  the  line  formerly  occupied  by  the  Continental  divide, 
which  probably  crossed  the  present  valley  of  the  San  Juan  in  the  vicinity 
of  Castillo.  West  of  this  line  they  decrease  in  frequency  and  hight  to 
the  lake. 

The  residual  hills  which  rise  above  the  peneplain  of  the  Nicaraguan 
depression  increase  in  hight  and  numbers  toward  the  north,  finally 
merging  with  the  mountains  of  northern  Nicaragua,  where  they  reach 
elevations  from  6,000  to  7,000  feet  above  tide.  Comparatively'  little  is 
known  of  any  portion  of  this  region  except  its  western  margin.  The 
eastern  partis  covered  with  a  dense  tropical  forest,  is  almost  entirely 
without  settlement,  and  has  been  only  partially  explored.  The  divide 
between  the  lake  and  Caribbean  drainage  passes  some  distance  to  the 
westward  of  the  axis  of  the  isthmus,  being  approximately  parallel  with 
the  Pacific  coast  northwestward  to  the  Matagalpa  river,  where  it  makeji 
an  abrupt  bend  to  the  eastward,  passing  around  the  basin  of  that  stream. 
This  region  between  the  lake  and  the  Caribbean  may  be  described  as  a 
deeply  dissected  uplaitd.  During  Tertiary  time  it  was  doubtless  tiie 
locus  of  intense  volcanic  activity,  but  subsequent  erosion  has  entirely 
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destroyed  all  trace  of  the  original  constructional  topography,  and  the 
location  of  the  vents  by  which  the  volcanic  rocks  were  erupted  can  not 
be  determined  from  the  present  form  of  the  surface,  though  it  might  be 
determined  by  a  systematic  study  of  the  distribution  and  variations  in 
character  of  the  volcanic  rocks.    Toward  the  northern  end  of  the  lake, 
opposite  Granada,  the  summits  of  the  hills  present  an  even  skyline,  as 
though  they  were  remnants  of  a  plateau  ;  but  this  erurface  may  be  a 
d^radational  rather  than  a  constructional  plain.    The  streams  flowing 
into  the  lake  have  baseleveled  their  valleys  for  a  considerable  distance 
back  into  the  upland,  but  are  separated  by  sharp  ridges  and  hills  which 
occupy  the  divides.     Although  the  higher  |K)rtions  of  the  divides  attain 
somewhat  uniform  altitudes  which  increase  northward,  the  uniformity 
is  not  sufficient  to  determine  the  former  existence  of  a  distinct  plain, 
and  it  is  probable  that  the  present  valleys  are  carved  in  a  surface  which, 
since  its  final  emergence  above  scale vel,  has  always  had  rather  high  relief. 
Western  divide. — As  already  indicated,  the  great  Nicaraguan  depression 
was  formed  before  lake  Nican^ua  came  into  existence.    It  originally 
extended  entirely  across  the  isthmus,  terminating  to  the  westward  at 
the  bay  which  then  indented  the  Pacific  coast,  a  cape  projecting  to  the 
northwest  between  this  bay  and  the  ocean.    Tlie  cape  now  forms  the 
narrow  strip  of  land  lying  to  the  southwestward  of  lake  Nicaragua  and 
separating  it  from  the  Pacific.    This  strip  of  land  is  not  properly,  there- 
fore, a  part  of  the  Nicaraguan  depression,  and  its  topography  should  be 
independently  considered. 

Bordering  the  southwestern  shore  of  the  lake  and  extending  north- 
westward nearly  to  Zapetara  island  is  a  very  perfectly  baseleveled  sur- 
face, termed  for  convenience  the  Rivas  plain.  It  varies  in  width  from 
5  to  12  miles,  and  is  continuous  along  the  lake  margin,  except  near  the 
Sapoa  river,  where  it  is  interrupted  for  a  short  distance  by  high  hills 
coming  down  to  the  lake.  Very  little  is  known  concerning  the  south- 
eastern extension  of  this  plain,  but  it  is  probably  nearly  or  quite  con- 
tinuous around  the  end  of  the  lake  with  the  peneplain  of  the  Nicaraguan 
depression  already  described.  Its  northeastern  margin  is  the  lakeshore, 
where  the  waves  have  cut  a  shallow  terrace  backed  by  a  cliflf  from  10  to 
40  feet  in  hight.  A  few  low,  rounded  hills  rise  above  its  even  surface, 
but  they  seldom  attain  bights  of  more  than  100  feet.  In  the  vicinity  of 
Rivas,  where  it  is  most  thoroughly  known,  the  plain  ascends  toward  the 
southwest,  at  the  rate  of  about  8  feet  to  the  mile,  to  the  base  of  the  hills 
which  occupy  the  greater  part  of  this  strip  and  form  the  Continental 
divide.  Theve  hills  rise  abruptly  from  the  Rivas  plain  to  bights  of  800 
to  1,200  feet  above  tide,  and  extend  northward  to  a  point  opposite  the 
island  of  Zapatera,  where  they  meet  the  Jinotepe  plateau,  and  the  ser- 
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rate  residual  outline  of  the  former  pi  ves  place  to  the  even  constructional 
slope  of  the  latter.  A  single  break  occurs  in  this  continuous  line  of 
hills.  This  is  the  gap  between  the  waters  of  the  Rio  Lajas  and  of  the 
Rio  Grande.  Here  the  level  plain  bordering  the  lake  extends  entirely 
through  the  ninge  of  hills,  forming  a  low,  broad  gap  whose  summit  is 
but  50  feet  above  the  lake. 

The  manner  in  which  this  single  low  gap  was  formed  is  described  at 
some  length  in  a  later  part  of  this  paper,  where  the  recent  geological 
history  of  the  region  is  given.  It  may  be  stated  here,  however,  that  the 
gap  is  the  product  of  the* familiar  process  of  stream  capture.  Owing  to 
the  decided  advantages  possessed  by  the  streams  flowing  directly  to  the 
Pacific  over  those  flowing  eastward,  at  first  to  the  bay  of  Nicaragua  and 
afterward  to  the  lake,  tl\e  former  were  able  to  cut  back  through  the 
divide  into  the  drainage  area  of  the  latter  and  to  divert  their  head- 
waters. In  this  way  an  eastward -flowing  istream  originally  dccu]>ying 
the  position  of  the  Tola,  the  upper  Rio  Grande,  the  Guiscoyol,  and  the 
Lajas  was  beheaded,  and  the  drainage  of  a  large  part  of  its  basin  wa^ 
diverted  to  the  Pacific.  The  deserted  valley  of  this  stream  forms  the 
low  gap  through  which  the  canal  route  is  located.  It  is  so  broad  and 
level  that  accurate  instrumental  work  is  required  to  determine  the  actual 
summit  of  the  Continental  divide. 

The  Pacific  coast  in  the  southern  part  of  this  region  is  formed  by  alter- 
nating short  strips  of  sandy  beach  and  bold,  rocky  promontories.  The 
stretches  of  beach  are  formed  by  the  silting  up  of  deeply  cut  valleys,  and 
the  promontories  by  the  truncated  points  of  ridges  which  extend  down 
to  the  coast  between  the  valleys.  To  the  northward  of  Brito  the  pro- 
posed western  terminus  of  the  canal,  at  the  mouth  of  the  Rio  Grande, 
the  hills  are  farther  inland  and  fewer  spurs  reach  the  coast.  A  coastal 
plain  of  some  extent  is  here  developed,  increasing  in  width  to  the  north 
until  it  passes  beneath  the  recent  volcanic  deposits  which  form  the 
Jinotepe  plateau. 

This  coastal  plain  probably  at  one  time  passed  around  the  northern 
end  of  the  divide  hills  and  was  continuous  with  the  Rivas  plain  to  the 
east.  With  the  formation  of  the  Jinotepe  plateau  the  tuffs  of  which  it 
is  composed  buried  this  northern  portion  of  the  plain  and  piled  up 
against  the  end  of  the  divide  hills  three  or  four  hundred  feet  in  thickness. 

Lfike- Caribbean  divide, — The  much  greater  rainfall  in  the  eastern  por- 
tion of  the  isthmus  has  given  the  Caribbean  streams  a  decided  advan- 
tage, and  they  have  pushed  the  divide  westward  probably  some  distance 
from  its  original  position.  A  few  cases  occur  which  clearly  indicate 
stream  diversion.  The  most  striking  of  these  is  the  upper  portion  of  the 
Rio  Grande,  which  flows  to  the  Caribbean  north  of  Bluefields.    This 
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river  heads  in  the  high  valley  of  Matagalpa,  from  which  it  flows  south - 
westward  for  35  miles,  approaching  the  Viejo  within  about  5  miles,  being 
separated  from  that  stream  by  a  level  swampy  plain.     The  Viejo  flows 
southwest  to  the  upper  end  of  lake  Managua,  and  it  is  entirely  probable 
that  the  upper  portion  of  the  Rio  Grande  was  formerly  a  tributary  of  the 
Viejo.     From  the  point  where  it  approaches  most  nearly  to  the  Viejo  it 
flows  southward  for  a  distance  of  25  miles,  and  this  southerly  direction 
is  continued  in  a  tributary  which  entera  at  that  point.     This  portion  of 
the  stream  appears  to  have  been  at  one  time  a  part  of  the  Malacapoya, 
which  enters  the  head  of  lake  Nicaragua.     From  the  point  of  nearest 
approach  to  the  Malacapoya  the  Rio  Grande  turns  abruptly  back  to  the 
northeast,  and  for  a  distance  of  30  miles  is  approximately  parallel  to  its 
upper  course  in  the  valley  of  Matagalpa.     It  appears  highly  probable 
that  the  Rio  Grande,  by  reason  of  the  greater  rainfall  in  the  eastern  part 
of  this  region,  pushed  the  divide  westward  until  its  headwaters  inter- 
cepted the  upper  portion  of  the  Malacapoya.     The  same  process  was 
continued  and  the  extended  headwaters  effected  another  conquest,  di- 
verting a  large  tributary  of  the  Viejo.     The  latter  capture  has  been  so 
recent  that  the  channel  of  the  diverted  stream  has  not  been,  perceptibly 
lowered,  and  a  part  of  its  waters  in  the  wet  season  may  still  follow  their 
former  course  to  the  Viejo  across  the  intervening  swampy  plain.     A  few 
other  cases  of  stream  diversion  are  indicated  by  the  character  of  the 
present  stream  channels,  but  none  of  them  are  so  striking  or  important 
as  that  of  the  Rio  Grande. 

Volctinie  mountain  ranges, — As  indicated  above,  the  southern  margin  of 
the  Nicaraguan  depression  is  formed  by  the  foothills  of  the  Costa  Rican 
volcanic  range.  This  range  terminates  to  the  northwestward  in  the  prob* 
ably  extinct  volcano  Orosi.  It  contains  a  large  number  of  volcanic  peaks, 
most  of  which  are  e^ctinct  and  a  few  quiescent  or  moderately  active. 
These  peaks  have  a  striking  linear  arrangement  and  form  two  nearly 
parallel  lines  of  vents.  The  line  terminating  in  Orosi  extends  southeast- 
ward into  Costa  Rica,  passing  to  the  southward  of  a  parallel  range  whose 
northern  peak  is  the  volcano  Turrialba.  These  two  lines  are  about  10 
miles  apart,  but  their  peaks  are  so  high  that  their  slopes  merge  and  they 
form  a  single  range.  If  the  line  connecting  the  northeastern  series  of 
peaks  were  continued  to  the  northwestward  through  the  southern  por- 
tion of  lake  Nicaragua  it  would  coincide  very  nearly  with  the  line  con- 
necting the  peaks  of  the  Nicaraguan  range.  The  latter  range  terminates 
to  the  southward  in  the  extinct  volcano  of  Madera ;  thence  it  stretches 
to  the  northwest,  terminating  in  the  volcano  Coseguina,  which  occupies 
a  peninsula  projecting  into  the  gulf  of  Fonseca.  Between  these  two  ex- 
treme peaks  there  is  a  large  number  of  extinct,  quiescent  or  active  vol- 
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canic  vents  forming  more  or  less  isolated  mountains.  Of  these  Omet«]>e, 
Masaya,  Moinotombo,  and  several  others  to  the  northwest  of  the  latter 
have  been  in  eruption  within  historic  times.  Others  are  in  the  solfataric 
stage,  while  still  others  appear  to  be  entirely  extinct.  The  group  of  peaks 
between  Momotombo  and  Coseguina  is  called  the  Maribios  range. 

It  is  probable  that  tlie  vents  which  formed  the  Costa  Rican  range  broke 
out  upon  a  somewhat  elevated  plateau,  while  those  which  formed  the 
Nicaraguan  range  broke  out  on  the  sea  bottom.  The  latter,  also,  are  far- 
ther apart,  except  those  northwestward  of  Momotombo,  which  form  the 
Maribios  range.  This  may  explain  the  greater  hight  and  massivene:^ 
of  the  Costa  Rican  range,  and  the  amount  of  material  erupted  from  the 
two  series  of  vents  may  not  differ  greatly. 

As  already  indicated,  it  is  probable  that  the  form  of  the  coast  has  been 
materially  modified  by  this  recent  volcanic  activity.  The  whole  of  the 
country  between  the  northern  portion  of  lakes  Nicaragua  and  Managua 
and  the  Pacific  consists  entirely  of  recently  ejected  volcanic  material, 
and  the  region  which  it  now  occupies  was  doubtless  a  portion  of  the 
Pacific  until  recent  geologic  times.  The  former  coastline  is  represente<l 
on  the  sketch  map  forming  plate  30. 

The  surface  of  this  newly  added  land  is  composed  of  level  or  gently 
sloping  plains,  isolated  conical  volcanic  peaks,  and  the  more  crowded 
peaks  of  the  Maribios  range.  Types  of  the  entirely  isolated  peaks  are 
Ometepe  and  Momotombo.  Both  of  these  are  composed  of  alternate 
layers  of  lava  and  ash.  The  latter,  however,  gives  them  their  perfect 
conical  form.  Both  have  been  in  eruption  within  historic  times,  and 
considerable  smoke  still  comes  from  Momotombo.  Only  a  small  amount 
of  steam  and  sulphurous  vapors  are  at  present  emitted  from  the  crater 
of  Ometepe. 

Modification  by  the  ordinary  processes  of  erosion,  in  the  form  of  these 
steep  cones  of  unconsolidated  ash,  is  extremely  rapid,  and  their  summits 
vary  in  detail  of  outline  from  year  to  year.  Madera  and  Zapatera  are 
volcanoes,  which  have  been  extinct  for  some  time,  and  the  agents  of 
degradation  have  materially  reduced  their  hight  and  destroyed  the  orig- 
inal conical  form  of  their  summits.  The  unconsolidated  ash  has  been 
largely  removed  from  their  upper  portions,  leaving  only  the  massive  lava 
beds  in  place ;  hence  their  formation  has  been  ascribed  to  a  different 
form  of  eruption  from  that  which  produced  Ometepe  ^nd  Momotombo. 
It  is  probable,  however,  that  the  summits  of  the  former  once  consisted 
of  ash  cones,  and  that  the  eruptions  in  all  have  been  accompanied  by 
more  or  less  explosive  violence,  to  which  the  unconsolidated  fragmental 
material  is  due.  The  lower  slopes  of  Mombacho  are  rather  smooth  and 
symmetrical ;  but  instead  of  a  single  cone  its  summit  is  truncated  and 
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forms  a  series  of  ragged  peaks,  which  surround  a  deep  depression  occu- 
pied by  a  small  lake.    There  is  a  tradition  that  this  mountain  formerly 
had  a  conical  summit,  which  was  destroyed  by  an  explosive  eruption. 
The  present  appearance  of  the  mountain  makes  it  extremely  probable 
that  this  tradition  is  based  upon  fact.     Its  outline  closely  resembles  that 
of  Coseguina,  and,  as  is  well  known,  the  latter  was  formerly  capped  by 
a  symmetrical  cone,  which  was  blown  off  in  the  explosive  eruption  of 
1835.     This  was  perhaps  the  most  violent  recorded  eruption  of  this 
character  up  to  the  time  of  the  eruption  of  Krakotoa  in  1883.    Since 
this  final  burst  of  activity.  Coseguina  has  remained  perfectly  quiet.    The 
volcano  of  Masaya,  which  erupted  a  flow  of  lava  in  1858,  is  at  present  a 
mountain  of  moderate  hight,  about  2,200  feet.     It  occupies  the  position, 
however,  of  a  mountain  which  may  once  have  been  very  much  higher. 
The  former  volcanic  peak  occupying  this  position  was  destroyed,  not  by 
an  explosive  eruption,  but  by  engulfment.     The  peak  now  occupies  a 
depressed  area,  having  an  oval  shape  and  regular  outline,  about  4  by  6 
miles.     It  is  located  a  little  north  of  the  center  of  this  depression,  the 
northern  portion  of  which  its  lavas  have  nearly  filled,  flowing  out  over 
the  edge  at  several  points  on  the  surrounding  level  country.     The  out- 
lines of  the  depression,  however,  can  be  traced  continuously  with  the 
exception  of  these  few  breaks,  where  its  rim  has  been  overtopped  by  the 
recent  lava.     It  is  nearly  everywhere  a  vertical  cliff,  descending  abruptly 
from  the  level  or  rolling  plain.    The  southern  end  of  the  depression, 
which  is  not  filled  by  the  la^as  of  AMasaya,  is  occupied  by  the  waters  of 
lake  Masaya.    The  lake  has  a  crescentic  form  and  is  bordered  on  the 
convex  side  by  the  vertical  cliffs  of  the  caldera  wall  rising  360  or  more 
feet  above  its  surface.     On  the  concave  side  it  is  bordered  by  the  gentle 
slope  of  the  lavas  of  Masaya.     It  appears  almost  certain,  therefore,  that 
a  portion  of  the  volcanic  plateau  and  perhaps  a  volcanic  cone  of  consid- 
erable hight  have  disappeared  by  engulfment;  but  that  a  subsequent 
eruption  at  the  same  point  has  partially  filled  the  depression,  building 
up  a  new  cone  over  the  same  vent,  though  not  to  so  great  a  hight  as  the 
former  one.    This  new  cone  is  Masaya.     It  has  the  rather  low  dome 
shape  characteristic  of  cones  composed  largely  of  lava  flows,  and  is 
broadly  truncated  by  a  double  crater.    A  similar  engulfment  has  occurred 
south  of  Masaya,  forming  the  prasent  lake  Apoya.    The  depression  did 
not  coincide  with  a  volcanic  cone,  but  occurred  on  the  northern  side  of 
mount  Catrina,  a  low  ash  cone,  carrying  down  one  side  of  the  latter  and 
a  portion  of  the  adjacent  plain.     The  depression  is  somewhat  smaller 
than  the  one  occupied  by  the  lake  and  volcano  Masaya,  being  about  4 
miles  in  its  largest  diameter  and  nearly  circular.     The  depression  is  now 
occupied  by  the  waters  of  lake  Apoya,  which  are  260  feet  below  the  lowest 
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point  of  the  surrounding  rim  and  about  1,500  feet  below  the  highest  |)oint 
of  the  rim.  This  highest  point  probably  coincides  very  nearly  with  the 
former  volcanic  peak,  although  the  latter,  being  composed  almost  entirely 
of  unconsolidated  ash,  has  been  very  much  reduced  in  hight  by  erosioq. 
Several  other  caldera  lakes  of  this  type  occur  in  the  vicinity  of  Mana^aia. 
Volcanic  plateaus. — Reference  has  been  made  to  a  plateau  Ijdng  south- 
west of  lake  Managua  and  the  northern  end  of  lake  Nicaragua,  which  I 
have  called  the  Jinotepe  plateau,  from  the  j)rincipal  town  on  it.  This 
plateau  is  composed  entirely  of  recently  ejected  volcanic  material,  chiefly 
a  partially  consolidated  volcanic  tuff,  which  was  spread  out  probably  in 
the  form  of  a  semi-liquid  mud.  The  plateau  has  an  altitude  along  its 
northeastern  margin  of  1,200  to  1,800  feet.  From  this  gently  undulating 
summit  it  descends  gradually  south  and  southwest  to  its  margin  against 
the  older  rocks  to  the  south  and  to  the  Pacific  coast.  The  central  por- 
tion of  the  plateau  has  been  but  little  modified  by  erosion,  and  probably 
preserves  very  nearly  its  original  constructional  form.  This  is  due  largely 
to  the  porous  nature  of  the  volcanic  ash  of  which  the  surface  is  composed. 
The  rain  waters  sink  into  the  ground  before  they  have  an  opportunity  to 
collect  into  sufficient  volume  to  effect  any  modification  of  the  surface, 
except  wh«re  the  original  slopes  were  very  steep.  A  belt  along  the  coast, 
however,  has  been  rather  deeply  dissected  by  stream  channels,  where 
the  smaller  intermittent  tributaries  are  collected  into  permanent  trunk 
streams  and  where  the  plateau  has  a  decided  seaward  slope.  Toward  the 
north  and  northeast  the  plateau  is  terminated  by  a  somewhat  abrupt 
escarpment,  which  separates  it  from  the  lower  plain  of  Leon  and  from 
the  plain  lying  between  lakes  Managua  and  Nicaragua.  These  lower 
plains  have  precisely  the  same  origin  as  the  Jinotepe  plateau,  and  it  is 
quite  possible  that  at  one  time  the  lower  and  higher  plains  may  have  been 
continuous,  but  were  subsequently  separated  by  a  depression  of  the  region 
to  the  northeast.  In  other  words,  the  escarpment  which  limits  the  Jino- 
tepe plateau  to  the  north  and  east  may  possibly  mark  the  line  of  a  rather 
recent  fault.  The  escarpment  has  been  deeply  scored  by  stream  channels, 
so  that  it  does  not  now  have  the  characteristic  form  of  a  recent  fault 
scarp,  but  the  character  of  the  materials  of  which  it  is  composed  is  such 
that  it  would  be  rapidly  modified,  and  so  retain  its  original  form  but  a 
short  time. 

Climate 
general  character 

The  climatic  conditions  prevailing  in  this  region  have  so  direct  a  hear- 
ing on  its  geology  and  physiography  that  a  brief  statement  of  the  more 
important  characteristics  of  the  climate  is  essential.    Lying  only  10  de- 
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grees  north  of  the  equator,  the  climate  of  the  region  is  tropical,  frost  being 
entirely  unknown.  Furthermore,  since  it  forms  a  narrow  belt  between 
two  oceans,  its  climate  is  also  insular,  the  annual  range  of  temperature 
being  very  much  smaller  than  all  continental  areas  experience. 

AMOUNT  AND  DISTRIBUTION  OF  RAINFALL 

m 

Throughout  the  greater  part  of  the  year  the  trade  winds  prevail  with 
fairly  constant  direction  and  force.    These  winds  are  probably  deflected 
slightly  to  the  north  by  the  high  volcanic  range  of  Costa  Rica,  and  to 
the  south  by  the  mountains  of  central  and  northern  Nicaragua.     The 
low  gap  across  the  isthmus  constituting  the  Nicaraguan  depression  thus 
receives  considerably  more  wind  than  would  be  due  to  the  normal  trades. 
It  is  probably  this  congestion  of  the  air  currents  that  causes  the  excep- 
tional precipitation  of  this  region.     Coming  from  the  warm  Caribbean 
sea,  the  trade  winds  are  saturated  with  moisture,  and,  as  they  strike  the 
slightly  elevated  land  forming  the  isthmus,  the  precipitation  is  there 
very  abundant.     Within  the  zone  of  maximum  precipitation,  which 
embraces  the  coastal  plain  and  the  adjacent  hills,  forming  a  belt  from 
50  to  100  miles  wide,  the  annual  rainfall  reaches  nearly  300  inches. 
Beyond  this  belt,  at  increasing  distances  from  the  Caribbean  coast,  it  de- 
creases very  rapidly,  and  in  the  western  part  of  the  region  the  annual 
rainfall  is  less  than  a  third  of  that  on  the  eastern  coast. 

More  important,  however,  than  the  absolute  amount  of  rainfall  is  its 
distribution  throughout  the  year.  The  isthmus  may  be  divided  into 
two  distinct  and  well  marked  subdivisions  by  a  line  coinciding  approx- 
imately with  the  present  divide  between  lake  and  Caribbean  drainage 
and  crossing  the  San  Juan  near  the  point  where  that  river  leaves  the 
lake.  In  the  eastern  division  the  rain  is  distributed  with  tolerable  uni- 
formity throughout  the  entire  year.  There  are  some  years  in  which 
little  rain  falls  for  a  period  of  three  or  four  weeks  in  August  and  Sep- 
t<;mber,  but  this  scarcely  constitutes  a  dry  season.  In  the  western  divis- 
ion, on  the  other  hand,  there  is  a  distinct  dry  season  of  five  or  six  months, 
in  which  there  is  practically  no  rainfall.  The  rain  begins  about  the 
middle  of  May,  when  the  trade  winds  become  less  constant,  and  an  oc- 
casional storm  comes  from  the  northwest. 

PHYSIOGRAPHIC  EFFECTS 

Eastern  division. — These  climatic  differences  between  the  eastern  and 
western  portions  of  the  region  give  rise  directly  to  very  striking  differ- 
ences in  vegetation,  and,  either  directly  or  indirectly,  to  differences  in  the 
appearance  and  structure  of  the  soils,  in  the  topographic  forms  of  the  land 
surface,  and  in  the  effectiveness  of  various  physiographic  processes. 
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The  effect  of  these  climatic  conditions  is  seen  in  the  topography  which 
characterizes  the  region  west  of  the  lake.  The  hills  are  extremely  steej) 
and  deeply  gullied.  At  the  mouth  of  each  ravine  there  is  an  alluvial 
cone,  showing  that  a  heavy  load  of  coarse  and  fine  detritus  is  moved  by 
the  occasional  flood  which  the  ravine  carries. 

The  depth  of  the  residual  material,  the  regolith,  is  also  very  much  le?> 
on  the  west  side  than  it  is  on  the  east.  This  is  doubtless  due  in  part  to 
the  fact  that  the  conditions  of  rock  weathering  are  less  favorable  in  the 
former  than  in  the  latter  region,  but  it  is  also  due  in  part  to  the  more 
favorable  conditions  under  which  the  agents  of  degradation  act.  Ik)th 
of  these  factors,  however,  are  directly  dependent  on  climate. 

Another  factor  which  on  the  west  side  may  be  effective  in  modifying 
topographic  forms  is  wind  erosion.  During  the  dry  season,  when  the 
protecting  vegetation  has  been  removed  by  forest  fires,  the  steady  force 
of  the  trade  winds  raises  clouds  of  dust,  and  the  total  amount  of  tniiu*- 
portation  effected  by  this  agency  must  be  very  considerable.  The  effe^'U 
are  most  noticeable  on  the  lake  and  ocean  beaches,  where  the  sand  is 
driven  with  great  force  and  piled  up  in  dunes.  Roads  on  which  there 
is  sufficient  travel  to  keep  down  the  vegetation  are  usually  sunk  belowr 
the  surface  of  the  adjacent  country.  The  track  is  often  bordered  by  a 
vertical  bank  from  5  to  15  feet  high,  and  a  part  of  this  erosion  is  doubt- 
less due  to  wind  action. 

Rock  Formations 
conditions  for  study 

The  geology  of  the  region  under  consideration  has  been  examined  in 
detail  only  in  the  vicinity  of  the  route  of  the  proposed  canal.  Even 
where  studied  most  carefully,  the  relations  of  the  various  rock  formation.^ 
are  extremely  obscure.  This  obscurity  arises  chiefly  from  the  nature  of 
the  exposures  which  must  be  depended  on  in  making  out  these  relation.^. 
East  of  the  lake,  rock  exposures  are  very  infrequent,  and  it  is  practically 
impossible  from  them  alone  to  determine  the  relations  of  the  various 
rock  formations.  The  vegetation  is  so  abundant  that  no  distant  viewt? 
can  be  obtained,  and  the  information  which  can  usually  be  derived  from 
a  broad  study  of  the  topography  is  entirely  wanting.  The  extreme 
depths  to  which  the  rocks  are  decayed  and  the  uniform  mantle  of  red 
clay  which  covers  their  outcrops  effectually  conceal  their  distribution 
and  relations.  The  larger  streams,  as  already  explained,  are  chieHy 
flowing  in  old  valleys  which  they  are  now  silting  up.  Since  they  are 
not  corrading  their  .beds,  their  channels  furnish  exposures  of  materials 
other  than  alluvial  only  where  they  happen  to  impinge  on  the  adjoining 
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hills  in  their  broad  meanders.  The  only  exception  to  this  general  state^ 
ment  is  the  San  Juan  river  between  Castillo  and  Machuca.  The  con- 
ditions west  of  lake  Nicaragua  are  somewhat  more  favorable.  The 
vegetation  is  not  so  abundant,  and  the  removal  of  the  residual  matter 
has  more  nearly  kept  pace  with  the  rock  decay ;  also  the  slopes  are 
more  abrupt,  and  most  of  the  streams  are  corrading  their  channels, 
except  in  the  lower  portions  of  their  valleys. 

CLASSIFICATION  OF  TBB  ROCKS 


The  rocks  of  the  region  are  placed  in  two  groups — Tertiary  and  post- 
Tertiary.  Each  includes  both  igneous  and  sedimentary  formations.  No 
rocks  certainly  older  than  the  Tertiary  occur  along  the  line  of  the  canal, 
although  such  have  been  reported  from  northern  Nicaragua  and  also  from 
central  Costa  Rica.  The  Tertiary  sedimentary  formations  include  the 
Brito  and  Machuca. 

BRITO  FORMA  TION 

Distribution, — With  the  exception  of  a  few  areas  of  intrusive  igneous 
rocks,  the  strip  of  land  between  lake  Nicaragua  and  the  Pacific  is  occu- 
pied entirely  by  the  Brito  sandstone.  It  extends  from  the  Sapoa  river 
to  a  point  opposite  the  island  of  Zapatera.  Remnants  of  the  formation 
are  also  found  alpng  the  lake  shore  to  the  southeast  of  Sapoa,  and  its 
present  outcrops  may  extend  continuously  eastward  to  the  area  occu- 
pied by  the  Machuca  sandstone.  To  the  southward  the  formation  is 
probably  covered  by  the  recent  lavas  of  the  Costa  Rican  volcanoes.  It 
also  probably  extends  some  distance  to  the  northwest  of  Zapatera,  where 
it  is  covered  by  the  recent  tufis  which  form  the  Jinotepe  plateau. 

Lithologic  character. — The  formation  presents  considerable  variety  in 
its  lithological  composition,  but  it  has  not  yet  been  sufficiently  studied 
to  permit  of  its  subdivision,  even  if  this  may  be  eventually  possible. 
Much  the  larger  mass  of  the  formation  consists  of  somewhat  calcareous 
non-fissile  shale.  When  fresh  this  is  bluish  gray  and  weathers  to  a  yel- 
lowish or  brownish  color. 

Distributed  through  the  shale  are  numerous  beds  of  sandstone. .  These 
are  also  somewhat  calcareous  and  doubtless  contain  a  considerable  pro- 
portion of  volcanic  ash.  The  sandstone  beds  vary  in  thiokness  from  a 
few  inches  to  two  or  three  feet,  and  occur  singly  or  in  groups.  The 
latter  are  sufficiently  heavy  to  materially  afiect  the  topography  in  some 
places.  These  sandstones,  like  the  shales,  are  blue  when  entirely  fresh, 
but  are  always  weathered  at  the  surface  to  some  shade  of  yellow  or  brown. 
The  hills  immediately  westof  Rivas,  rising  abruptly  above  the  Rivas  plain, 
are  due  chiefly  to  the  presence  of  these  resistant  sandstones.    They  occur 
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most  abundantly,  however,  near  the  Pacific  coast,  and  are  well  exposed 
in  the  headland  northwest  of  the  Rio  Grande  valley  at  Brito.  The  be<ls 
here  have  a  general,  though  somewhat  variable,  dip  to  the  8outhwe;<t  ; 
hence  the  higher  portions  of  the  formation  make  the  cli€&  along  the 
Pacific.    This  seems  also  to  be  its  most  variable  portion. 

In  addition  to  the  shales  which  constitute  its  greatest  bulk  to  the  east- 
ward, it  here  contains  also  beds  of  sandstone,  conglomerate,  and  coarse 
volcanic  breccia  on  the  one  hand,  and  on  the  other  marly  beds  and 
lenses  of  pure  limestone.  Forming  a  part  of  the  headland  south  of 
Brito  is  a  bed  of  limestone  something  over  100  feet  in  thickness.  Small 
outcrops  of  this  bed,  or  one  very  similar,  have  been  noted  at  several  other 
localities  to  the  eastward  in  the  divide  hills.  Its  limited  extent  is  due 
in  part  to  erosion,  since  the  dip  of  the  bed  would  carry  it  above  the  tops 
of  most  of  the  hills  to  the  eastward,  but  it  is  doubtful  if  its  original  ex- 
tension was  very  great.  Several  of  the  limestone  outcrops  noted  are 
probably  small  lenses  in  the  shale  and  not  connected  with  the  more 
continuous  bed  at  Brito.  A  portion  of  this  limestone  has  a  peculiar 
concretionary  structure,  some  of  the  concretions  attaining  a  diameter  of 
an  inch  and  a  half  while  other  portions  of  the  bed  are  oolitic. 

Immediately  west  of  this  exposure  of  limestone,  forming  a  group  of 
islets  nearly  covered  by  high  tide,  is  a  very  coarse  volcanic  conglomerate 
or  breccia.  The  larger  fragments  are  a  foot  or  more  in  diameter  and 
quite  angular,  and  from  this  extreme  they  grade  downward  to  small 
pebbles,  some  of  which  are  well  rounded.  The  present  relations  in<li- 
cate  that  the  conglomerate  is  the  stratigraphical  equivalent  of  the  lime- 
stone, replacing  it  within  a  few  yards.  In  some  places  the  two  rocks  are 
seen  to  merge,  the  limestone  containing  numerous  angular  fragments  of 
volcanic  rock.  At  other  points  along  the  coast  both  north  and  soutli  of 
Brito  similar  conglomerates  occur.  Their  bedding  is  extremely  irreg- 
ular, and  they  afford  evidence  of  having  been  formed  rapidly  and  near 
the  source  from  which  their  constituents  were  derived.  While  it  is  pos- 
sible that  the  source  of  this  material  may  have  been  to  the  eastward,  it 
seems  much  more  likely  that  it  came  from  volcanic  vents  to  the  south- 
west— from  volcanoes  which  have  been  entirely  removed  by  the  waves 
of  the  Pacific. 

Although  their  connection  has  not  been  continuously  traced,  it  is  as- 
sumed that  the  sedimentary  rocks  found  at  various  points  along  the 
southern  margin  of  the  lake  east  of  Sapoa  belong  to  the  Brito  formation. 
This  region  was  examined  by  coasting  along  the  lake  shore,  so  that  it 
was  chiefly  the  rocks  forming  the  projecting  headlands  which  were  ob- 
served. These  consist  almost  entirely  of  sandstones  very  similar  in  ap- 
pearance to  the  sandstones  found  interbedded  with  the  Brito  shales,  and 
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also  conglomerates  and  breccias  similar  to  those  occurring  at  various 
points  along  the  Pacific  coast. 

Structure, — The  Brito  formation,  wherever  observed,  was  found  to  be 
intersected  by  numerous  joint  planes.  In  some  places  these  occur  as 
two  well  developed  sets  of  approximately  parallel  planes,  which  inter- 
sect each  other  nearly  at  right  angles.  In  others  the  joint  planes  are 
very  numerous  and  irregular,  cutting  the  beds  in  all  directions.  The 
latter  form  is  less  common  and  appears  to  be  confined  to  rather  narrow 
zones  where  shearing  and  faulting  has  probably  taken  place.  The  fre- 
quency of  the  joint  planes  varies  with  the  thickness  of  the  beds.  The 
rhomboidal  blocks  into  which  the  beds  of  shale  and  sandstone  are  broken 
usually  have  diameters  approximately  equal — that  is,  the  more  massive 
the  original  beds  the  farther  apart  are  the  intersecting  joint  planes. 
These  joints  have  permitted  the  percolations  of  surface  waters  to  great 
depths  and  have  facilitated  the  deep  weathering  which  is  generally  ob- 
served. The  weathering  proceeding  outward  from  the  joints  has  resulted 
in  the  formation  of  concentric  layers  about  a  core,  which  coincides  with 
the  center  of  the  original  rhomboidal  block.  The  resulting  rounded 
blocks  in  some  places  give  the  appearance  of  a  rude  rubble  wall.  In  the 
vicinity  of  Las  Lajas  the  horizontal  sandstone  beds  have  been  lain  bare 
by  the  action  of  the  waves,  and  where  the  rhomboidal  blocks  produced 
by  jointing  have  been  rounded  by  concentric  weathering  the  appearance 
is  that  of  a  cobble  pavement. 

The  Brito  formation  has  suffered  only  a  moderate  amount  of  disturb- 
ance since  its  beds  were  deposited.  Where  its  rocks  are  best  exposed 
along  the  Pacific  coast,  numerous  small  faults  are  observed,  the  displace- 
ment in  most  cases  being  but  a  few  inches.  The  inclination  of  the  beds 
is  generally  under  20  degrees,  though  in  a  few  localities  the  disturbance 
has  been  much  greater  and  the  dips  increase  up  to  the  vertical.  Neglect- 
ing these  minor  irregularities,  the  dominant  structure  is  a  broad  anticline 
whose  axis  extends  in  a  northwest-southeast  direction  approximately 
parallel  with  the  Pacific  and  lake  shores  and  a  short  distance  southwest 
of  the  latter,  where  the  beds  are  approximately  horizontal.  The  greater 
portion  of  the  region  between  the  lake  and  the  Pacific,  therefore,  is  occu- 
pied by  the  western  limb  of  the  anticline  and  has  prevailing  southwest 
dips.  From  San  Jorge  to  Lajas  the  dips  are  somewhat  variable,  but  gen- 
erally to  the  northeast.  The  greater  part  of  the  eastern  limb  of  the  anti- 
cline is  covered  by  the  lake.  The  numerous  exposures  of  the  Brito 
formation  along  the  southern  margin  of  the  lake  from  this  Sapoa  to  the 
Rio  Orosi  belong  to  this  eastern  limb  of  the  anticline,  and  the  beds  have 
northeasterly  dips  of  5  to  30  degrees.  The  strike  of  these  beds  is  not 
strictly  parallel  with  that  of  the  beds  on  the  Pacific  coast.    They  con- 
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verge  slightly  toward  the  northwest,  indicating  a  pitch  of  the  anticline 
in  that  direction. 

The  exposures  of  the  Brito  formation  are  so  infrequent  and  the  dips 
are  so  variable  that  no  satisfactory  measure  of  the  thickness  of  the  forma- 
tion can  be  obtained.  Taking  the  observed  dips  between  the  Pacific 
coast  and  the  lake  shore,  the  thickness  exposed  is  estimated  at  upward 
of  10,000  feet.  This,  of  course,  is  not  the  total  thickness  of  the  forma- 
tion, since  the  bottom  is  not  exposed  at  the  axis  of  the  anticline ;  also, 
the  formation  has  undoubtedly  suflfered  an  unknown  but  considerable 
diminution  in  thickness  by  erosion,  and  there  are  no  data  for  determin- 
ing the  thickness  of  strata  which  have  been  removed  from  the  highest 
beds  now  observed. 

Age  of  the  fornuUicm. — The  greater  part  of  the  Brito  formation  is  appar- 
ently barren  of  organic  remains.  The  only  locations  at  which  fossils 
have  been  found  are  on  or  near  the  Pacific  coast.  This,  however,  may 
be  due  to  the  fact  that  the  rock  exposures  are  not  elsewhere  of  such  a 
character  as  to  facilitate  the  discovery  of  fossils,  and  the  latter  may  possi- 
bly be  more  generally  distributed  than  present  knowledge  would  indicate. 
The  fossils  are  confined  almost  wholly  to  the  limestones  and  marly  beds. 
They  consist  of  corals,  molluscan  and  foraminiferal  remains.  The  latter 
are  especially  abundant.  The  rather  meager  collections  have  been  sub- 
mitted to  Dr  Dall  for  determination.  He  pronounces  them  Oligocene, 
and  probably  identical  with  the  foraminiferal  beds  described  by  Hill  from 
the  Caribbean  coast  at  Panama.  One  of  the  mo^t  abundant  forms  is  a 
small  numulite,  Orbitoides,  probably  forbesei,  which  is  characteristic  of 
the  lower  Oligocene.  The  molluscan  remains  were  collected  on  the  Pacific 
coast,  about  75  miles  northwest  of  Brito,  in  what  was  supposed  to  be  a 
higher  poi'tion  of  the  same  formation.  Dr  Dall  states  that  these  have  the 
upper  Oligocene  aspect,  though  there  are  not  enough  of  them  to  be  con- 
clusive. He  thus  confirms  the  view  entertained  in  the  field,  that  suc- 
cessively higher  beds  in  the  Brito  formation  are  exposed  along  the  coast 
toward  the  northwest. 

In  addition  to  the  fossils  on  which  is  based  the  above  conclusion  con- 
cerning the  age  of  the  Brito  formation,  it  also  contains  rather  abundant 
plant  remains.  They  are  in  the  form  of  driftwood  and  coal,  but  as  yet  no 
remains  sufficiently  well  preserved  for  identification  have  been  discovered. 

Associated  with  the  coarser  sandstones  are  numerous  blocks  of  wood, 
whose  rounded  forms  suggest  that  they  are  fragments  of  drift  which  were 
incorporated  with  the  sand  and  gravel  while  it  was  accumulating.  In 
some  cases  they  still  contiiin  a  large  proportion  of  their  original  carbon, 
and  in  others  this  has  been  more  or  less  perfectly  replaced  by  silica  or 
iron  pyrites.    The  coal  occurs  associated  with  the  finer  sediments,  and, 
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although  a  careful  search  was  made,  the  thickest  seam  observed  was  under 
half  an  inch.  While  sufficient  carbonaceous  matter  is  sometimes  dis- 
seminated through  the  shales  to  give  them  a  black  color,  no  indications 
were  found  pointing  to  the  existence  of  workable  coal  deposits  in  the 
region  examined. 

Coal  in  workable  quantity  has  been  reported  from  the  region  south- 
west of  the  lake,  between  the  lake  shore  and  the  Costa  Rican  volcanoes. 
The  exact  locality  is  on  the  Rio  Hacienda,  12  miles  from  its  mouth.  It 
was  not  visited  and  no  samples  of  the  coal  were  seen,  so  that  the  report 
lacks  verification.  There  appears  to  be  no  reason,  however,  why  condi- 
tions favorable  for  coal  accumulation  should  not  have  prevailed  in  some 
portions  of  this  r^ion  during  the  deposition  of  the  Brito  beds. 

MACHVCA  FORMATION 

DistribtUion. — The  immediate  margins  of  the  San  Juan  valley  from 
the  lake  eastward  to  Castillo  are,  so  far  as  known,  composed  entirely  of 
igneous  rocks.  From  a  point  a  few  miles  below  Castillo  to  another  mid- 
way between  Machuca  and  the  Boca  San  Carlos  the  rocks  are  largely 
sedimentary,  although  they  contain  some  igneous  rocks  in  the  form  of 
small  dikes.  These  sedimentary  rocks  constitute  the  Machuca  forma- 
tion. Its  present  extent  is  known  only  in  the  immediate  vicinity  of  the 
river.  The  region  south  of  the  upper  San  Juan,  forming  the  lower 
valleys  of  the  Frio  and  Poco  Sol,  is  geologically  unexplored.  It  is  there- 
fore possible  that  the  Machuca  formation  may  extend  westward  through 
this  region  and  be  nearly,  if  not  quite,  continuous  with  the  outcrops  of 
the  Brito  formation  south  of  the  lake.  Until  this  connection  is  estab- 
lished, however,  the  original  continuity  of  the  two  formations  is  a  matter 
of  doubt. 

Liihologie  character, — The  rock  exposures  in  this  region  to  the  eastward 
of  Castillo  are  very  much  less  satisfactory  than  those  along  the  Pacific 
coast;  hence  the  character  of  the  Machuca  formation  is  not  so  well 
known  as  is  that  of  the  Brito.  Like  the  latter,  it  appears  to  consist 
chiefly  of  calcareous  shales,  with  which  sandstones  are  interbedded. 
The  constituents  of  the  rocks  are  largely  igneous  in  their  origin,  but 
there  are  no  coarse  conglomerates  or  breccias  such  as  occur  in  the  Brito. 

No  pure  limestones  or  distinctly  marly  beds  have  been  discovered, 
although  the  examination  of  the  formation  has  not  been  sufficiently  ex- 
haustive to  enable  one  to  say  that  such  beds  do  not  occur. 

Structure, — The  exposures  are  comparatively  few  in  which  the  dip  of 
the  Machuca  sandstones  can  be  determined.  At  the  Cano  Bartola  the 
dip  is  about  16  degrees  and  to  the  north.     At  Machuca  it  is  20  degrees 
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and  to  the  northwest.  These  dips  suggest  the  presence  of  a  sjoiclinal 
basin,  the  southern  end  of  which  is  crossed  by  the  San  Juan.  They  are 
not  sufficient,  however,  to  locate  its  axis.  Although  in  general  the  di{is 
are  light,  the  formation  has  suffered  considerable  local  disturbance. 
Breccias,  probably  due  to  faulting,  have  been  observed  at  several  points, 
the  best  example  being  the  ledge  which  projects  into  the  river  opposite 
the  mouth  of  the  Machuca ;  also  numerous  sharp  folds  occur  in  tht 
vicinity  of  Machuca.  The  same  evidence  of  faulting  and  folding  would 
probably  be  found  elsewhere  if  the  exposures  were  sufficiently  abundant 
to  render  the  structure  determinable. 

The  rocks  of  the  Machuca  formation  are  generally  found  deeply  weath- 
ered. The  weathering  is  hastened  by  the  igneous  constituents  which 
they  contain,  and  the  final  product  is  a  residual  red  clay,  which  is  indis- 
tinguishable from  the  product  of  the  decay  of  igneous  rocks.  Except 
for  the  fresh  rock  obtained  beneath  the  residual  mantle  by  means  of  the 
diamond  drill,  it  would  have  been  impossible  to  determine  even  approx- 
imately the  limits  of  the  sedimentary  and  igneous  rocks.  At  some  points, 
as  at  Machuca,  the  sandstone  contains  a  very  large  proportion  of  iron 
pyrites,  which  by  oxidation  also  tends  to  hasten  its  decay. 

Nearly  everywhere  the  beds  are  intersected  by  numerous  joint  plane?, 
the  only  marked  exception  being  the  rather  massive  interbedded  santi- 
stones  exposed  on  Machuca  creek.  Weathering  has  proceeded  inward 
from  the  joints  toward  the  centers  of  the  rhomboidal  blocks,  producing 
concentric  shells  about  a  central  nucleus  exactly  as  in  the  Brito  formation. 

Age  of  the  formation. — No  fossils  have  yet  been  found  in  the  Machuc;i 
formation  which  are  sufficiently  well  preserved  for  specific  determination. 
At  Cruzita,  one  mile  below  Machuca,  the  core  from  the  diamondHirili 
hole  in  the  bed  of  the  river  contains  numerous  indistinct  organic  forms. 
The  rock  is  described  by  Dr  Ransome  as  an  andesitic  tuff  containing 
fragments  of  limestone.  The  organic  forms  are  revealed  by  the  weath- 
ering of  the  rock  with  the  removal  of  the  soluble  limestone,  and  they  are 
also  shown  in  the  thin-section  under  the  microscope.  While  they  can 
not  be  identified  they  strongly  suggest  the  forms  which  occur  so  abun- 
dantly in  portions  of  the  Brito  formation.  The  beds  in  which  they  occur 
are  evidently  derived  in  large  part  from  fresh  volcanic  tuff,  though  the 
latter  was  not  so  abundant  as  to  prevent  the  growth  of  organisms  in  the 
sea  in  which  it  was  being  deposited. 

In  the  absence  of  conclusive  fossil  evidence,  therefore,  the  age  of  the 
Machuca  formation,  so  far  as  it  may  be  determined,  rests  on  other  and 
less  satisfactory  evidence.  It  is  believed  to  be  nearly  or  quite  contem- 
poraneous with  the  Brito  formation — that  is,  Oligocene  (Tertiary).  The 
grounds  on  which  this  conclusion  is  based  are  briefly  as  follows :  (1) 
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There  is  a  general  similarity  in  lithologic  composition  and  appearance 
between  the  two  formations.  (2)  Both  have  suffered  about  the  same 
amount  of  deformation,  elevation,  and  erosion  since  they  were  deposited. 
The  value  of  this  fact  for  correlation  depends  on  the  proximity  of  the 
areas  which  jihey  occupy  and  the  evidence  that  the  recent  geologic  con- 
ditions have  been  similar  in  both.  (3)  Both  formations  bear  about  the 
same  relation  to  a  group  of  igneous  rocks,  which  was  in  part  contempo- 
rary with  them  and  in  part  subsequently  invaded  their  beds.  The  dif- 
ferences in  composition  of  these  intrusive  rocks  are  not  greater  than 
differences  in  igneous  rocks  within  the  same  area,  which  are  known  to 
be  nearly  or  quite  contemporaneous.  (4)  Finally,  as  pointed  out  above, 
it  is  quite  possible  and  even  probable  that  the  two  formations  are  nearly 
or  quite  continuous  through  the  southern  part  of  the  upper  San  Juan 
valley. 

In  the  vicinity  of  the  Toro  rapids,  some  distance  westward  from  the 
present  limit  of  the  Machuca  formation,  a  few  siliceous  boulders  have 
been  found  which  contain  fossil  remains.  The  original  location  of  the 
beds  from  which  these  boulders  are  derived  is  not  known,  though  they 
have  probably  not  been  transported  a  great  distance.  These  fossils  are 
unfortunately  only  casts.  They  have  been  examined  by  Dr  Dall,  who 
says  they  *'  are  not  determinable,  but  have  the  general  look  of  a  fresh- 
water assembly."  They  are  not  regarded,  however,  as  having  any  special 
bearing  on  the  age  of  the  Machuca,  since  it  is  by  no  means  certain  that 
they  have  been  derived  from  that  formation. 

TERTIARY  IGNEOUS  ROCKS* 

Location  and  general  character. — As  stated  above,  the  beds  of  the  Ma- 
chuca formation  occupy  a  broad  belt,  which  crosses  the  valley  of  the 
San  Juan,  extending  from  a  point  a  little  below  Castillo  eastward  some 
distance  beyond  Machuca.  While  this  formation  contains  a  consider- 
able proportion  of  volcanic  material  and  is  intersected  by  numerous 
dikes,  it  contains  no  lava  flows  and  no  beds  the  constituents  of  which 
are  exclusively  of  volcanic  origin.  In  the  remainder  of  the  country  be- 
tween the  lake  and  the  Caribbean,  wherever  the  underlying  rocks  or 
their  residual  products  rise  above  the  recent  alluvium  of  the  floodplains, 
the  rocks  are  almost  entirely  of  volcanic  origin.  They  present  a  great 
variety  in  structure  and  appearance,  varying  through  the  extreme  types 
of  volcanic  products  from  distinctly  stratified  beds  of  fine  volcanic  ash, 
through  well  rounded  conglomerates,  fine  and  coarse  angular  breccias, 

*  The  writer  is  Indebted  to  Dr  F.  L.  Ransome,  of  the  U.  S.  Qeological  Survey,  for  a  petrographie 
examination  of  the  igneous  rocks  collected  in  Nicaragua  and  determination  of  the  rock  species. 
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surface  lava  flows,  and  intrusive  masses  of  rather  coarsely  holocrystaUin^ 
rock  which  did  not  reach  the  surface  before  cooling. 

Massive  igneous  rocks. — The  principal  varieties  of  igneous  rocks  whiei: 
are  found  between  the  lake  and  the  Caribbean  are  augite  andesiie,  olW'tnr 
basalt^  hypersihene  basalt^  and  dnciie.  Of  these  four  varieties  the  iiM 
three  are  very  similar  in  appearance,  and  can  not  ordinarily  be  distin- 
guished with  certainty  in  the  field.  They  are  dark  bluish  gray  lo 
black  in  color,  generally  fine  grained,  but  often  containing  certain  min- 
erals, as  olivine  and  feldspar,  which  can  be  readily  distinguished  with 
the  unaided  eye.  They  are  generally  compact  and  heavy,  though  a 
well  marked  vesicular  structure  characterizes  some  portions  of  the 
basalt.  The  red  clay  which  is  the  final  product  of  their  decay  contain!^ 
numerous  residual  boulders  of  the  fresh  rock  covered  with  a  thiii 
ochreous  crust. 

The  dacite  is  light  gray  in  color,  and  is  made  up  of  abundant  quartz 
and  feldspar  crystals  embedded  in  a  fine  grained  or  glassy,  gray  ground- 
mass.  It  is  lighter  than  the  trap  rocks,  and  is  considerably  softer  even 
when  entirely  unweathered.  The  dacite  contains  numerous  fragment* 
of  darker  basic  rocks.  It  doubtless  reached  its  present  position  as  a 
lava  flow,  and  these  inclusions  are  fragments  of  the  underlying  rock 
which  were  picked  up  and  incorporated  in  the  molten  mass  during  iu^ 
passage  through  the  lower  formations  to  the  surface.  Many  of  them  are 
a  soft  greenish  rock  exactly  like  the  tuff"  on  which  the  dacite  rests.  T  lie 
presence  of  these  included  fragments  of  a  diSerent  rock  is  doubtless  he 
reason  the  dacite  was  called  conglomerate  in  the  Canal  company's  eiist- 
ern  divide  sections.  Of  the  fragmental  igneous  rocks  two  classes  may 
be  made,  according  as  their  igneous  or  sedimentary  characteristics  are 
the  more  prominent.  In  the  first  class  are  included  the  tufis  which 
form  the  western  portion  of  the  eastern  divide,  passing  under  the  dacite 
at  an  angle  of  about  5  degrees.  This  tufif  is  related  to  a  basic  lava,  either 
andesite  or  basalt.  It  has  a  dark  greenish  color  and  very  fine  grain.  It 
is  soft  and  talcose,  and  on  exposure  to  the  air  the  cores  generally  crutuhle 
into  small  fragments.  While  this  tuff*  owes  its  kaolin-like  character  to 
the  decomposition  of  a  basic  glass,  it  was  probably  never  a  hard  rock. 
The  pressure  to  which  it  has  been  subjected  since  its  deposition  has  ap- 
parently not  been  sufficient  to  produce  complete  induration. 

The  extent  to  which  these  rocks  have  weathered  has  been  already 
pointed  out,  but  may  be  referred  to  again  in  explanation  of  the  difficulty 
which  has  been  experienced  in  determining  the  relations  of  the  various 
members  of  the  volcanic  formations.  All  weather  to  a  red  clay,  and  ex- 
posures which  afford  any  indication  of  the  original  character  of  the  under- 
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lying  rock  are  extremely  infrequent.  The  chief  reliance  must  be  placed 
on  the  occasional  residual  boulders,  on  the  presence  or  absence  of  quartz 
grains  in  the  clay,  and  on  the  occasional  cut  banks  along  the  streams- 
The  large  scale  sections  of  the  proposed  damsites  indicate  the  complexity 
of  the  relations  between  the  various  volcanic  formations  and  the  hope- 
lessness of  attempting  to  work  out  these  relations  from  surface  indica- 
tions alone  without  the  aid  of  sections  derived  from  drilling.  For  the 
reasons  given  above  it  is  practically  impossible  to  map  the  surface  out- 
crops of  these  various  rock  varieties.  Their  distribution  can  only  be  in- 
dicated in  a  general  way. 

The  rock  forming  the  hill  on  which  San  Carlos  is  located  consists  of 
augite-andesite.    This  extends  eastward  down  the  river  to  the  Rio  Mel- 
chorita,  forming  the  hills  which  rise  above  the  level  alluvial  plains.    At 
Palo  de  Arco  occurs  olivine  basalt,  and  this  rock  continues  eastward  a 
short  distance  beyond  Castillo.    At  the  Sabalos  it  presents  an  amygda- 
loidal  phase,  and  in  the  hill  near  the  mouth  of  the  Santa  Cruz  it  consists 
of  a  very  coarse  breccia.    The  high  hills  at  the  junction  of  the  San  Carlos 
with  the  San  Juan  consist  of  hypersthene  basalt.    This  is  a  holocrys- 
talline  rock,  and  one  which  probably  cooled  at  some  distance  below  the 
surface.    It  may  possibly  mark  the  center  of  eruption  from  which  lavas 
in  the  surrounding  region,  which  have  a  similar  composition  but  less 
perfect  crystalline  structure,  were  derived.     A  similar  but  less  crystalline 
rock  also  occurs  in  the  hills  on  the  north  side  of  the  San  Juan  river.    To 
the  eastward,  at  Ochoa,  the  hypersthene  basalt  occurs  south  of  the  river, 
while  the  rocks  at  the  river  bank  on  both  sides  and  extending  to  the 
northward  are  olivine  basalts.    This  olivine  basalt  extends  eastward  be- 
yond the  San  Francisco  hills.    At  the  Tamborgrande  it  is  replaced  for  a 
short  distance  by  dacite ;  then  in  the  Tamborcito  hills  by  hypersthene 
biosalt,  but  again  comes  in  in  the  Sarapiqui  hills,  and  thence  extends  east,. 
forming  all  of  the  hills  which  border  the  lower  portion  of  the  San  Juan 
river,  and  also  those  about  Silico  lake.    The  dacite,  while  it  does  not 
reach  the  surface  at  Ochoa,  was  encountered  there  in  bori  ng.    It  was  also 
found  at  lower  Ochoa,  beneath  a  bed  of  volcanic  tuff  or  breccia  and  some 
unconsolidated  sediments.    It  comes  to  the  surface  at  Tamborgrande, 
and  it  probably  continues  north  in  the  high  ridge  connecting  the  Tam- 
borgrande hills  with  the  eastern  divide.    It  forms  the  surface  through 
the  higher  portion  of  the  eastern  divide,  overlying  andesitic  tuffs  and 
passing  under  basalt. 

Frugmentcd  igneous  rocks, — Since  the  closely  related  fragmental  rocks, 
both  the  bedded  tuffs  and  the  conglomerates,  do  not  weather  in  such  a 
way  as  to  furnish  residual  boulders,  their  presence  is  much  more  diffi- 
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cult  to  detect.  From  the  character  of  the  exposures  in  the  bluffs  along 
the  San  Juan  river,  and  from  the  results  of  the  drill  sections,  it  seems 
probable,  however,  that  the  bulk  of  these  fragmental  rocks  is  as  great  or 
greater  than  that  of  the  massive  rocks.  About  4  miles  above  the  B<x-a 
San  Carlos  these  beds  are  exposed  in  a  high  bluff  on  the  north  bank  of 
the  river.  There  is  shown  a  considerable  diversity  in  the  character  of 
the  material,  varying  from  the  finest  tuff  to  coarse  rounded  conglomer- 
ate. All  parts  of  the  beds  are  equally  weathered,  forming  a  tougl^  clay 
quite  free  from  grit.  The  different  beds  vary  considerably  in  color, 
although  the  prevailing  colors  consist  of  various  shades  of  red  and 
brown.  The  planes  of  stratification  between  the  different  beds  are  not 
sharply  marked,  and  the  indications  are  that  the  deposit  was  made 
rather  rapidly  and  in  the  presence  of  strong  currents.  Similar  exposure? 
of  thoroughly  decayed  sedimentary  beds  occur  in  the  river  blufis  at 
various  points  between  Ochoa  and  the  mouth  of  the  San  Francisco. 

It  is  probable  that  during  the  extrusion  of  the  volcanic  rocks  in  this 
region  numerous  bodies  of  water  were  formed  by  the  interruption  of 
drainage  lines  by  the  lava  flows.  In  these  bodies  of  standing  water  the 
finer  tuffs  were  accumulated  with  considerable  regularity  in  their  planes 
of  stratification.  Forests  were  present  on  the  adjoining  shores  and  much 
vegetable  matter  was  accumulated  along  with  these  silts.  There  thus 
resulted  deposits  of  considerable  depth,  such  as  those  encountered  at 
Lower  Ochoa.  These  were  subsequently  covered  by  lavas  or  deposits  of 
fragmental  material,  but  have  never  been  buried  sufficiently  deep  to 
bring  about  their  complete  consolidation. 

In  some  places  conditions  were  favorable  for  the  deposition  of  calc>a- 
reous  material.  In  the  section  at  the  San  Francisco  a  bed  of  very  tine 
grained  earthy  limestone  about  3  feet  in  thickness  was  encountered  with 
fine  tuff  above  and  below.  The  limestone  was  perhaps  originally  a  cal- 
careous mud  which  has  been  thoroughly  solidified  and  is  now  compara- 
tively hard.  The  adjacent  tuflE3,  both  above  and  below,  may  have  been 
solidified  at  one  time,  but  are  now  soft  and  talcose.  No  tracei^  of  organ- 
isms can  be  detected  in  this  limestone,  and  it  may  have  been  precipitat-ed 
from  solution  without  the  intervention  of  life.  In  the  railroad  cut  neiir 
Silico  lake  there  occurs  a  bed  of  clay  enclosing  water-worn  pebbles  and 
numerous  fragments  of  wood  which  is  immediately  overlain  by  a  flow 
of  basaltic  lava.  This  clay  was  doubtless  alluvial  or  accumulated  in  a 
lake  and  has  probably  not  been  buried  to  a  sufficient  depth  to  produce 
consolidation. 

The  beds  of  lava  and  volcanic  tuff  above  described  have  been  but  little 
changed  from  the  position  in  which  they  were  originally  deposite<l. 
Wherever  bedding  planes  can  be  detected  in  the  stratified  tuffs  they  are 
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]>ractically  horizontal.    The  planes  separating  lava  flows  generally  have 
a  decided  original  inclination,  and  this  may  be  increased  or  diminished 
\>y  subsequent  tilting.    In  the  sections  of  the  upper  and  lower  Ochoa 
(lanisites  (plate  31)  the  planes  separating  the  several  formations  have  a 
slight  dip  to  the  northeast.    The  same  thing  is  observed  in  the  sections 
of  the  San  Francisco  embankment  line  and  of  the  Eastern  divide.    In 
so  far  as  these  dips  are  due  to  deformation,  they  suggest  the  presence  of 
a  low  anticline  to  the  east  of  the  Machuca  basin,  its  axis  approximately 
parallel  with  the  Caribbean  coast  and  crossing  the  San  Juan  near  the 
Boca  San  Carlos.    For  reasons  given  above  the  structure  of  these  igneous 
formations,  as  well  as  of  the  Machuca  sandstone  shown  on  the  geolog- 
ical sections  (plate  32),  rests  on  a  very  few  observations  and  should  not 
be  accepted  with  too  great  confidence. 

RECENT  ALLUVIAL  FORMATIONS 

The  post-Tertiary  formations  of  the  region  include  the  recent  deposits 
which  make  up  the  fioodplains  of  the  rivers  and  the  deltaplains  about 
their  mouths,  together  with  the  products  of  the  recent  volcanic  activity. 
The  character  of  the  alluvium  has  been  somewhat  fully  described  on 
a  previous  page  and  requires  but  little  further  mention.  It  varies  in 
character  with  the  local  conditions  under  which  it  is  deposited  and  with 
the  character  of  the  rocks  from  which  it  is  derived.  On  the  west  side, 
filling  the  valley  of  the  Rio  Grande,  it  consists  of  fine  brown  sand  and 
clay,  derived  from  the  decay  chiefly  of  the  3andstones  of  the  Brito  for- 
mation. In  some  places  it  contains  enough  calcareous  cement,  which 
has  been  deposited  by  infiltration  from  above,  to  give  the  alluvium  a 
fair  d^ree  of  coherence. 

In  the  valley  of  the  San  Juan  there  is  considerably  wider  diversity  in 
the  character  of  the  alluvium.  In  the  upper  portion  of  the  valley  it 
consists  of  fine  blue  clay  interbedded  with  fine  blue  and  brown  sand. 
The  sand  occurs  chiefly  in  the  river  channel  and  is  the  residuum  which 
the  sluggish  current  of  the  river  has  been  unable  to  transport.  It  is 
probable  that  but  little  sand  would  be  encountered  in  the  alluvium  at 
any  considerable  distance  from  the  present  channel. 

In  the  lower  portion  of  the  valley  the  alluvium  in  the  immediate 
vicinity  of  the  river  contains  considerable  black  sand,  such  as  it  is  at 
present  transporting  in  great  volume.  This  occurs  either  disseminated 
through  the  finer  silt  which  is  derived  from  the  decay  of  rocks  in  the 
a<ljoining  region  or  it  occurs  as  distinct  layers  interstratified  with  the 
clay.  The  presence  of  a  considerable  proportion  of  sand  in  the  silt  ren- 
ders it  much  firmer  than  when  the  latter  consists  chiefly  of  clay.    The 
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sand  does  not  extend  to  any  ^pieat  distance  from  the  present  river  chan- 
nel, and  hence  the  silt  becomes  less  stable  with  increasing  distance  frrnu 
the  river. 

The  material  which  fills  the  tributary  valleys,  such  as  the  Danta,  the 
San  Francisco,  the  Cureiio,  and  the  Tamborcito,  is  a  fine  silt,  generally 
quite  free  from  grit,  with  a  blue  color,  and  containing  abundant  frag- 
ments of  wood  and  leaves.  When  this  material  is  thoroughly  drained 
it  becomes  fairly  compact,  as  shown  in  the  vertical  banks  of  most  of  Iht 
streams,  but  at  some  distance  from  these  streams,  where  the  drain^e  i^ 
imperfect,  it  is  quite  soft  to  a  great  depth. 

This  alluvial  silt  or  mud  when  first  exposed  sometimes  has  a  brilliant 
blue  color,  which  quickly  changes  to  a  yellowish  brown  on  exposure  to 
the  air.  The  change  in  the  color  takes  place  at  the  exposed  surfaces 
within  a  few  minutes. 

The  material  forming  the  deltaplain  of  the  San  Juan  is  similar  to  that 
composing  its  floodplains.  The  black  sand  is  carried  out  to  sea  and 
transported  along  the  shore  by  littoral  currents  and  thrown  up  to  some 
distance  above  tidelevel  by  the  waves,  so  that  within  a  belt  two  or 
three  miles  broad  along  the  coast  the  surface  is  composed  chiefly  of  black 
sand,  with  a  small  amount  of  vegetable  mold.  The  fine  silt  increa^^es 
in  thickness  from  a  feather-edge  at  its  outer  margin  at  a  rate  somewhat 
greater  than  the  eastward  slope  of  the  deltaplain. 

It  is  probable  that  the  delta  has  always  been  fringed  by  a  belt  of  sand 
which  never  rose  more  than  a  few  feet  above  sealevel.  The  region,  how- 
ever, has  been  sinking  whife  the  delta  was  forming.  As  the  delta  grew 
by  accretions  of  sand  to  its  outer  margin,  the  corresponding  growth  on 
its  surface  was  made  by  the  fine  silt  deposited  from  the  flood  waters  of 
the  rivers.  The  plane  separating  the  sand  from  the  overlying  silt  thus 
appears  to  have  a  gentle  landward  inclination,  being  slightly  above  sea- 
level  at  the  present  coast  and  some  distance  below  sealevel  toward  its 
inner  margin. 

RECENT  VOLCANIC  ROCKS 

The  vulcanism  which  gave  rise  to  the  igneous  rocks  associated  with 
the  Tertiary  sediments  appears  to  have  become  entirely  extinct  in  this 
region,  and  doubtless  a  long  interval  elapsed  in  which  it  was  free  from 
any  manifestations  of  volcanic  activity.  In  comparatively  recent  times 
the  vulcanism  was  renewed  and  its  products  form  the  Costa  Rican  and 
Nicaraguan  volcanic  ranges,  which  have  already  been  described.  Its 
products  also  form  the  Jinotepe  plateau  and  the  plain  of  Leon,  which 
extend  northwest  from  the  Lakes  to  the  Pacific. 
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In  mineralogic  composition  these  recent  volcanic  products  consist  very 
largely  of  hypersthene-andesite.  The  last  eruption  from  Masaya  was  a 
basaltic  lava,  and  a  comparatively  recent  lava  flow  from  Ometepe  is  also 
a  basalt.  With  these  two  exceptions  the  recent  activity,  so  far  as  ob- 
served, has  given  rise  only  to  andesitic  lavas  and  tuffs.  The  cone  of 
Ometepe  consists  largely  of  lapili,  with  occasional  interlaminated  lava 
flows.  The  lapili  consist  in  about  equal  parts  of  black  or  gray  pumice 
and  of  black  glassy  rock,  which  has  been  thoroughly  shattered  and 
ground  up  by  explosive  eruptions.  The  tuffs  from  this  volcano,  which 
have  been  carried  to  a  considerable  distance  from  the  center  of  eruption 
chiefly  by  wind,  are  composed  more  largely  of  tuflaceous  material. 

The  materials  erupted  from  the  other  volcanic  centers  forming  the 
various  peaks  of  the  Nicaraguan  range  appear  to  be  similar  in  compo- 
sition to  those  found  in  Ometepe.    The  Jinotepe  plateau  is  composed 
largely,  if  not  altogether,  of  volcanic  tuffs,  which  probably  reached  their 
present  position  in  the  form  of  a  more  or  less  fluid  mud.    This  mud  be- 
comes solidified,  but  never  sufficiently  so  to  form  hard  rock.     It  is  quar- 
ried in  many  places  and  used  as  a  building  stone.     It  can  be  readily  cut 
out  with  a  pick,  but  becomes  somewhat  harder  on  exposure  to  the  air. 
The  rock  fragments  which  constituted  this  tuff*  vary  widely  in  size,  from 
large  boulders  several  feet  in  diameter  to  the  finest  dust.    They  are  all 
angular,  and  in  this  respect  they  differ  from  the  volcanic  conglomerates 
associated  with  the  Tertiary  rocks  of  the  San  Juan  valley.    A  further 
difference  is  the  almost  complete  absence  of  stratification  and  sorting  of 
the  rock  constituents.    This  tuff  appears  to  have  been  sufficiently  fluid 
to  flow  on  rather  low  slopes,  and  the  present  southward  and  westward 
slopes  of  the  Jinotepe  plateau  are  probably  the  original  constructional 
slopes. 

In  the  vicinity  of  Managua  planes  separating  successive  mud  flows 
intersect  the  rockand  are  utilized  in  quarrying.  In  these  quarries  human 
tracks  have  been  found  in  the  rock,  where  they  were  made  while  it  was 
still  in  the  form  of  mud.  They  prove  the  recency  of  the  tuffs  and  indi- 
cate something  as  to  its  physical  condition  when  first  deposited.  At  the 
margin  of  this  plateau  the  tuff  is  found  filling  the  valleys  in  the  older 
formations  and  smoothing  out  the  former  irregularities  of  the  topography. 
In  many  cases  the  present  streams  have  in  part  reexcavated  the  old 
valleys,  though  not  to  their  original  width. 

The  vertical  cliffs  surrounding  the  caldera  lakes,  Apoya  and  Masaya, 
display  the  underlying  structure  of  this  plateau  near  the  centers  from 
which  its  material  was  derived.  These  cliffs  are  composed  of  alternat- 
ing layers  of  tuff"  and  solid  lava  flows.  It  is  impossible  to  say  how  far 
from  the  centers  of  eruption  these  lava  flows  extend,  but  the  distance  is 
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probably  not  very  great.  Near  the  centers  of  eruption  the  character  of 
the  tuff  is  somewhat  different  from  that  at  greater  distances.  It  is  lea^ 
homogeneous  in  character  and  frequently  consists  of  sharply  defined 
alternating  tuff  beds  which  differ  widely  in  appearance.  In  the  blutT* 
surrounding  lake  Apoya  this  is  well  shown.  Numerous  distinct  bands 
of  white  pumice  occur  interbedded  with  dark  lapili  and  fragmental 
rocks,  and  these  in  turn  are  interbedded  with  the  lava  flows. 

Rock  Decay 
importance  of  the  subject 

One  of  the  features  which  first  impresses  the  geologist  or  the  engineer 
in  Nicaragua  is  the  extent  to  which  the  surface  rocks  are  weathered. 
This  feature  is  common  to  all  tropical  regions,  at  least  to  those  in  which 
there  is  an  abundant  rainfall.  While  the  extent  of  rock  weathering  has 
an  important  bearing  on  the  geology  of  the  country,  and  thus  a  high 
degree  of  scientific  interest,  it  is  a  fact  of  prime  importance  to  the  engi- 
neer in  planning  any  structures  in  this  region.  It  enters  directly  into 
the  cost  of  excavation  and  also  into  the  cost  and  permanence  of  foun- 
dations for  all  heavy  structures. 

CONDITIONS  FA  VORINO  ROCK  DECA  Y 

General  discusdon  of  the  subject. — It  has  been  shown  by  various  investi- 
gators that  the  conditions  most  favorable  to  rapid  rock  decay,  and  hence 
to  the  accumulation  of  an  extensive  mantle  of  residual  materials,  are 
hiorh  temperature  and  abundant  moisture.  These  conditions  are  only 
indirectly  responsible  for  a  large  part  of  the  rapid  rock  decay  which 
always  accompanies  them.  They  are  also  the  conditions  on  which  the 
rapid  growth  and  decay  of  a  luxuriant  vegetation  depends,  and  it  is  the 
latter  process  which  is  chiefly  instrumental  in  hastening  the  process  of 
rock  weathering. 

It  is  manifest  that  heat  alone,  without  moisture,  does  not  give  rise  to 
conditions  which  favor  rock  decay,for  it  is  a  common  observation  in  desert 
rej^ions,  where  the  temperatures  reach  the  maximum,  that  the  rocks  v^ 
disintegrated  to  a  limited  depth  by  the  alternate  expansion  and  contrac- 
tion due  to  changes  in  temperature,  but  that  rock  decay  is  practically 
absent.  On  the  other  hand,  abundant  moisture  and  continuous  low 
temperature  do  not  give  conditions  favorable  for  rock  decay,  since  these 
conditions  favor  the  accumulation  of  ice  and  snow.  Glaciers  are  effect- 
ive instruments  for  transportation  of  rock  debris  and  to  a  limited  extent 
are  eflicient  as  eroding  agents,  but  practically  no  rock  weathering  goes 
on  in  their  presence. 
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Even  where  the  moisture  is  abundant  and  the  temperature  is  suffi- 
ciently high  for  the  growth  of  an  abundant  vegetation,  unless  the  con- 
ditions are  also  favorable  for  the  decay  of  that  vegetation  they  are  not 
favorable  for  rock  weathering.    This  is  seen  in  the  extremely  luxuriant 
forests  of  the  North  Pacific  coast,  where  the  successive  generations  of 
forests  grow  on  the  remains  of  their  predecessors.    The  conditions  are 
here  favorable  for  the  preservation  of  vegetable  remains  in  the  form  of 
peat,  and  rock  decay  is  practically  absent.     It  appears,  therefore,  that 
an  essential  condition  for  rapid  rock  weathering  is  the  rapid  decay  of 
abundant  vegetable  matter,  and  this  leads  to  the  conclusion  that  the  most 
efficient  factor  in  the  weathering  process  is  the  presence  of  the  complex 
organic  acids  which  are  derived  from  the  decay  of  vegetation. 

Effect  of  chemical  composition. — The  depth  to  which  the  rock  decay  has 
gone  and  the  character  of  the  products  depends  in  a  considerable  measure 
on  the  chemical  composition  of  the  rock,  on  its  original  structure,  and 
on  the  subsequent  alterations  which  it  has  undergone,  such  as  fracturing 
in  the  process  of  consolidation  or  by  subsequent  dynamic  disturbances. 
But  few  rocks  are  found  in  this  region  which  are  not  either  wholly  or 
in  large  part  composed  of  material  of  volcanic  origin  ;  hence  their  chem- 
ical composition  does  not  present  so  wide  a  range  as  is  usually  found 
among  sedimentary  and  igneous  rocks.     A  few  are  apparently  the  pro- 
ducts of  thermal  springs,  and  the  composition  of  these  is  perhaps  the 
best  suited  of  any  to  resist  the  process  of  rock  decay.    Examples  of  rocks 
of  this  origin  are  found  in  the  small  hill  opposite  San  Francisco,  a  short 
distance  east  of  the  lake,  and  also  at  Chorrera,  on  the  Aguas  Muertas. 
These  are  composed  chiefly  of  silica,  which  is  the  mineral  least  acted  on 
by  the  processes  to  which  rock  decay  is  chiefly  due. 

The  Machuca  sandstone,  as  already  explained,  contains  a  large  pro- 
portion of  feldspathic  minerals,  as  well  as  iron  sulphide  and  carbonate 
of  lime ;  hence  it  is  peculiarly  susceptible  to  hydration,  oxidation,  and 
solution. 

The  igneous  rocks  belong  to  the  basic  and  intermediate  classes,  and 
hence  contain  a  large  proportion  of  the  lime-soda  feldspars  and  the  ferro- 
magnesium  minerals.  Both  of  these  groups  of  minerals  are  especially 
liable  to  alteration.  Quartz,  on  the  other  hand,  is  relatively  scarce. 
There  are  in  thQ  region  no  quartzites  and  argillites,  the  two  classes  of 
rocks  which  are  especially  indifferent  to  the  action  of  the  weathering 
processes. 

Certain  beds  associated  with  the  lavas  are  composed  of  fine  volcanic 
ash,  in  which  the  constituent  particles  had  never  acquired  a  crystalline 
structure,  but  were  entirely  glassy.  These  are  perhaps  the  most  readily 
altered  rocks  in  the  region,  and  wherever  they  have  been  encountered, 


W.  HAYES — OKOLOOY   OP   NICARAQOA   CANAL   ROUTE 

the  eastern  divimoii,  at  very  great  depths  beneath  the  thick 
icite,  they  are  found  iii  the  form  of  a  soft,  soapy  or  talcose  rock, 
ks  of  the  Brito  formation  contain  a  much  smaller  pru{>urtiuii 

constituents  tlian  any  of  those  in  the  eastern  division  ;  hence 
1  a  measure  free  from  tliis  source  of  weakness.  Tliey  contain. 
I  large  proportion  of  lime  carbonate,  and  in  them  the  weather- 
is  consists  chiefly  in  the  sohUion  and  leaching  out  of  this 
;  material.  In  most  of  these  rocks  the  lime  forms  so  small  a 
1  of  the  entire  mass  that  the  bulk  is  not  diminished  or  tlie 
altered  by  its  removal.  The  rock  merely  changes  in  color  from 
y  to  brown  or  yellow,  and  at  the  same  time  it  becomes  sol't 

IS. 

original  slrucltire. — The  original  structure  of  many  of  the  riick^ 
!  to  facilitate  weathering  to  a  considerable  degree.  This  is 
true  of  the  basalts,  which  are  largely  composed  of  surface  lava 
have  the  vesicular  structure  which  is  characteristic  of  sui-li 

y  cases  it  is  observed  that  the  degree  of  weathering  in  the  ca^e 
varies  directly  witli  the  extent  of  the  vesicular  structure.  Tlie 
I  lower  surfaces  of  the  flows  which  were  rapidly  cooled  by  con- 
the  underlying  rocks  and  by  exposure  to  the  air  contain  more 
indftut  gas  bubbles,  while  their  central  portions  are  relatively 
In  such  cases  it  is  found  that  the  vesicular  portions  are  tlmr- 
eathered,  while  the  interior  compact  portion  contains  lan^e 
of  fresh  rock  or  continuous  beds  of  the  same.  The  dacit*, 
far  as  observed,  never  has  the  vesicular  structure  of  the  basalt, 
how  these  striking  differences  in  the  degree  to  which  its  difi'er- 
ns  have  weathered. 

tth  of  weathering  in  the  volcanic  sandstones  and  conglomeraUd 
depends  largely  on  the  original  structure  of  their  constituents. 
>WB  considerable  variation.  Thus  the  conglomerate  encouii- 
pper  Ochoa  is  composed  chiefly  of  pebbles  of  compact,  fine 
asalt,  and  is  weathered  only  to  a  moderate  depth.  A  con- 
was  encountered  at  lower  Ochna  similar  to  the  above,  except 
mstituent  pebbles  are  lai^ely  composed  of  vesicular  or  punii- 
ilt.  This  difference  in  the  composition  of  the  pebbles  is  accom- 
a  corresponding  difference  in  the  depth  of  weathering,  which 
ded  to  a  very  great  depth  in  case  of  the  latter  rock. 
aecmidnry  structures. — A  third  important  factor  in  determining 
to  which  rock  decay  has  gone  is  the  extent  to  which  the  rocks 
affected  by  dynamic  agencies  with  the  production  of  secondary 
.  such  as  folds,  faults,  and  joint  planes.     Of  these  effects  joint 
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ing  is  perhaps  the  most  important.  It  pervaaes  nearly  all  the  rocks  of 
the  region,  both  igneous  and  sedimentary.  The  joints  which  intersect 
the  Igneous  rocks  are  perhaps  largely  due  to  shrinkage  on  cooling.  The 
regular  prismatic  jointing  common  in  basaltic  lava  flows  ^as  not  been 
observed  in  this  region.  In  its  stead  is  a  system  of  more  or  less  regular 
joints  which  divides  the  rock  into  large  rhomboidal  blocks.  The  less 
basic  rocks,  such  as  the  dacite  and  the  volcanic  conglomerates,  are  nearly 
or  quite  free  from  these  joints,  and  the  manner  in  which  they  weather 
is  therefore  quite  different  from  that  of  the  basalt. 

The  sedimentary  formations  are  generally  very  deeply  fractured.  In 
these  the  joints  are  doubtless  due  to  the  action  of  dynamic  forces,  which, 
while  they  have  not  greatly  changed  the  original  position  of  the  beds> 
have  been  sufficient  to  thoroughly  shatter  them  to  great  depths.  Only 
a  few  of  the  more  massive  beds  of  sandstone  have  in  some  measure 
escaped  this  general  fracturing.  Its  effect  is  most  pronounced  in  the 
less  massive  portions  of  the  Brito  formation.  At  the  surface  the  joints 
have  been  enlarged  by  the  weathering  process,  and  the  rock  consists  of 
a  loose  mass  of  small  fragments.  This  condition  prevails  to  a  depth  of 
more  than  100  feet  from  the  surface,  as  shown  by  the  boring  at  I^a  Flor. 
In  some  cases  it  was  observed  that  the  cracks  which  intersected  the 
rocks  had  subsequently  been  healed  up  by  the  deposition  of  calcite. 
This,  however,  is  not  general  at  ordinary  depths. 

A  direct  consequence  of,  the  presence  of  these  cracks  intersecting  the 
rocks  is  the  development  of  secondary  concentric  structures.  The  cracks 
permit  the  percolation  to  great  depths  of  surface  waters  bearing  the 
agents  which  are  most  active  in  rock  decay.  The  weathering  proceeds 
outward  from  these  joints  with  the  production  of  successive  concentric 
layers  about  a  central  nucleus.  The  concentric  structures  which  have 
already  been  described  were  thus  produced. 

ROCK  DEC  A  Y  IN  THE  EASTERN  DIVISION 

As  has  been  already  pointed  out,  there  is  a  marked  difference  in  the 
distribution  of  the  rainfall  on  opposite  sides  of  the  isthmus,  with  a  cor- 
responding difference  in  the  character  of  the  vegetation  and  in  the  extent 
and  products  of  rock  decay.  It  will  be  necessary,  therefore,  to  consider 
the  process  and  the  products  in  the  two  divisions  of  the  isthmus  sep- 
arately. 

The  eastern  division  is  characterized  by  a  heavy  rainfall,  so  distributed 
throughout  the  year  that  there  is  no  well  marked  dry  season ;  hence  the 
surface  soil  is  never  permitted  to  become  dry  and  the  forest  litter  is 
never  removed  by  fires.    The  entire  surface  is  covered  with  a  dense 
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mantle  of  vegetation.  This  consists  of  a  heavy  forest  growth,  except 
where  the  land  surface  has  been  so  recently  reclaimed  from  swamps  and 
lagoons  that  it  has  not  yet  been  invaded  by  the  forest,  or  that  its  surface 
is  not  suflSciently  firm  to  support  forest  trees.  Even  where  the  forest 
does  not  extend,  the  smaller  vegetation  is  extrerhely  dense  and  the  sur- 
face is  even  more  effectually  protected  than  under  the  forest.  It  may 
be  stated  in  general,  however,  that  all  of  the  land  which  rises  above  the 
margins  of  the  extensive  floodplains  and  the  silt-filled  valleys — thati?, 
all  which  is  underlain  by  rocks  older  than  the  recent  silt — is  forest  clad. 
The  canopy  of  foliage  formed  by  the  treetops  is  so  perfect  that  much  of 
the  light  and  all  of  the  direct  sunlight  is  intercepted;  hence  the  smaller 
vegetation  at  the  surface  is  not  exceptionally  luxuriant  and  only  par- 
tially covers  the  surface. 

The  forest  trees  of  this  region  are  nearly  all  deciduous,  but  the  season 
of  shedding  their  foliage  is  different  for  different  species ;  hence  there  is 
a  continuous  supply  of  forest  litter  throughout  the  entire  year,  and  its 
decay  not  being  checked  by  frost  is  a  continuous  process. 

All  rocks  of  this  eastern  division  show  the  effects  of  weathering  to  great 
depth,  not  only  the  igneous  but  the  sedimentary  rocks  as  well.  In  the 
course  of  the  drilling  operations  which  were  carried  on  in  this  region  a 
large  amount  of  data  was  obtained  concerning  the  depth  to  which  decay 
has  gone  in  rocks  of  various  origin  and  composition,  and  also  the 
products  of  the  weathering. 

PRODUCTS  OP  ROCK  DBCA  Y 

Classes  in  general, — The  final  product  of  rock  decay  in  this  region  is  a 
red  clay.  This  represents  the  complete  oxidation  of  all  the  constituent 
minerals  of  the  rock  except  the  quartz,  and  the  complete  obliteration  of 
the  original  rock  structure.  From  this  extreme  the  products  of  rock  de- 
cay present  all  possible  gradations  to  the  perfectly  fresh  rock.  While 
there  are  no  sharp  lines  of  demarkation  between  different  phases  of  the 
rock  weathering,  the  products  may  be  conveniently  though  somewhat 
arbitrarily  separated  into  three  groups,  namely,  red  clay,  blue  clay,  and 
soft  rock.  The  first  two  differ  chiefly  in  the  degree  of  oxidation,  and 
the  second  differs  from  the  third  chiefly  in  the  extent  to  which  the  orig- 
inal structure  of  the  rock  has  been  obliterated.  The  third  group  itself 
is  not  sharply  separated  from  the  fresh  rock,  but  passes  into  it  in  mo^i 
cases  by  imperceptible  gradations. 

Red  clay, — As  already  stated,  in  the  eastern  division  of  the  region  under 
discussion  all  portions  of  the  surface  which  rise  above  the  margins  of 
the  alluvial  floodplains  are  covered  with  red  clay — the  final  product  of 
rock  decay. 


PRODUCTS  OF  ROCK  DECAY  327 

Its  appearance  and  doubtless  also  its  composition  vary  somewhat  from 
place  to  place.  The  bright  red  is  varied  by  shades  of  yellow,  brown, 
and  occasionally  olive  green,  but  the  prevailing  tint  is  nevertheless  very 
generally  red.  The  abrupt  change  in  color  between  the  residual  clay 
and  the  adjacent  alluvial  clay  is  very  striking.  The  latter  is  never  redj 
but  is  always  some  shade  of  gray  or  blue.  The  only  essential  diflference 
between  the  two  clays  is  in  the  form  of  their  iron.  In  the  alluvium  this 
is  in  the  ferrous  state,  forming  light  colored  compounds.  In  the  residual 
clay  it  is  in  the  ferric  state,  and  not  only  more  highly  oxidized,  but  the 
oxide  is  in  large  measure  dehydrated,  giving  the  bright  red  color  of 
hematite. 

The  cause  of  this  difference  in  the  state  of  oxidation  in  clays  which 
appear  to  be  aflfected  by  the  same  conditions  is  doubtless  the  diflferent 
amounts  of  organic  matter  incorporated  with  them. 

As  already  described,  the  residual  clay  is  very  compact.    It  is  never 
loosened  by  frost  or  by  shrinkage  cracks.    The  only  means  by  which 
vegetable  matter  finds  its  way  below  the  surface  is  by  growing  roots 
and  insect  burrows.    The  amount  thus  introduced  is  not  sufficient  to 
materiall}'^  afifect  the  chemical  conditions  within  the  zone  of  rock  de- 
cay.    The  vegetable  matter  at  the  surface  is  so  rapidly  and  thoroughly 
oxidized  that  the  organic  compounds  which  result  from  the  process  are 
not  effective  reducing  agents  when  they  percolate  downward  in  contact 
with  the  red  clay,  but  probably  carry  an  excess  of  oxygen  which  is  ex- 
pended in  the  oxidation  of  the  rock  constituents  below.     In  the  alluvium, 
on  the  other  hand,  the  vegetable  matter  while  only  rarely  constituting 
a  large  proportion  of  the  mass,  is  thoroughly  disseminated  through  it, 
and  controls  the  chemical  conditions  preventing  the  oxidation  of  ferrous 
compounds  and  reducing  ferric  compounds  to  the  lower  state  of  oxida- 
tion.    Before  the  deposition  of  the  alluvium  which  now  fills  the  valleys 
of  the  region  the  bottoms  of  these  valleys  were  covered  with  residual 
clay  the  same  as  that  now  covering  the  hills.    This  clay  underlying  the 
alluvium  and  subjected  to  the  constant  downward  })ercolation  of  the  re- 
ducing solutions  from  the  latter  has  generally  though  not  always  lost  its 
red  color.     It  is  often  found  to  be  mottled  with  blue  patches  where  the 
reducing  solution  has  gained  access  to  the  ferric  oxide. 

Doubtless  the  proportion  of  silica,  alumina,  and  iron  depend  to  some 
extent  on  the  composition  of  the  rock  from  which  the  clay  was  derived, 
but  this  variation  is  not  sufficient  to  produce  marked  differences  in  its 
appearance  ahd  physical  properties.  The  depth  of  this  upper  division 
is  not  very  great,  usually  from  10  to  30  feet.  The  separation  between  the 
red  clay  and  the  underlying  blue  clay  is  usually  rather  sharp,  although 
iD  many  cases  there  is  a  band  of  mottled  clay  between  the  two. 
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Blue  clay. — This  division  is  usually  somewhat  thicker  than  the  over- 
lying red  clay.  While  its  prevailing  color  is  blue,  it  varies  from  whit«  to 
various  shades  of  yellow  and  brown,  depending  lai^ely  upon  the  originaJ 
composition  of  the  rock  from  which  it  is  derived.  It  represents  the  zone 
of  complete  rock  decay  and  disintegration  but  incomplete  oxidation. 
The  blue  color  is  due  not  to  the  presence  of  a  reducing  agent,  but  to  the 
absence  of  a  sufficient  oxidizing  agent  to  convert  the  iron  into  the  higher 
oxides.  It  generally  contains  more  or  less  abundant  fragments  of  thor- 
oughly weathered  rock,  which  retain  their  original  structure,  and  where 
it  is  derived  from  basalt  it  usually  contains  numerous  boulders  of  fresh 
rock,  the  nuclei!  about  which  concentric  weathering  has  taken  place. 
The  lower  limit  of  the  blue  clay  division  is  often  more  indefinite  than 
its  upper  limit.  By  an  increase  in  the  number  and  size  of  the  rock  frag- 
ments, both  fresh  and  weathered, it  p{\^8es  into  the  zone  of  soft  rock.  As 
will  be  readily  seen,  the  point  at  which  the  division  should  be  drawn  is, 
to  a  large  extent,  arbitrary,  since  the  distinction  is  at  best  only  one  of 
degree. 

Soft  rock  (^saprolite). — The  red  clay  retains  but  few  of  the  character- 
istics of  the  rock  from  which  it  was  derived  ;  hence  it  is  fairly  unifomi 
throughout  the  region.  In  the  blue  clay,  also,  the  original  character  of 
the  rock  is  almost  entirely  obliterated,  and  it  is  therefore  somewhat  uni- 
form. In  case  of  the  soft  rock,  however,  in  so  far  as  it  retains  the  original 
structure  of  the  rock  from  which  it  was  derived,  it  presents  the  same 
diversity  as  the  hard  rocks  of  the  region.  In  some  cases  this  division  is 
wanting,  and  the  blue  clay  extends  entirely  down  to  the  fresh  rock.  This 
is  the  case  with  the  Machuca  sandstone.  In  other  cases  the  blue  clay  is 
thin  or  absent,  and  there  is  a  great  thickness  of  soft  rock.  This  is  usually 
the  case  with  the  dacite. 

The  material  classed  as  soft  rock  represents  the  zone  of  practically 
complete  rock  weathering,  but  of  incomplete  rock  disintegration.  The 
forms  of  the  constituent  minerals  can  usually  be  made  out  in  rocks 
which  were  originally  coarse  grained.  The  original  structure  is  gener- 
ally well  preserved.  In  the  vesicular  lavas  the  gas  cavities  are  nearly 
as  perfect  as  in  the  hard  rock.  In  the  volcanic  conglomerates  and 
breccias  the  distinction  of  matrix  and  inclosed  pebbles  or  angular  frag- 
ments is  perfectly  sharp,  yet  all  the  material  included  in  this  class  can 
be  crumbled  in  the  fingers. 

The  extensive  beds  of  fine  basaltic  and  andesitic  tuff  which  occur  in 
the  Eastern  divide  and  elsewhere  are  perhaps  the  most  easily  altered 
rocks  in  the  region.  There  is  some  doubt  as  to  their  ever  having  been 
thoroughly  consolidated,  and  this  may  account  for  the  depth  to  which 
they  are  weathered.    Wherever  found,  even  under  a  great  mass  of  com- 
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pact,  fresh  dacite,  the  tuffs  are  soft  and  talcose,  resembling  a  very  com- 
pact, structureless  clay.    The  principal  alteration  which  the  material 
appears  to  have  undergone  is  hydration.*   It  can  be  easily  cut  with  a 
knife,  and  on  exposure  to  the  air  it  rapidly  crumbles.    This  material 
has  not  been  placed  in  the  class  with  the  soft  rock,  although  it  might 
properly  be  so  classed.    Since  the  classification  shown  on  the  sections 
was  made  with  a  view  to  its  practical  application  io  engineering  problems, 
the  upper  limit  of  hard  rock  does  not  generally  correspond  with  the  limit 
of  rock  weathering  from  the  surface  downward.    The  rock  classed  as  hard 
usually  shows  more  or  less  alteration  of  its  constituent  minerals,  but  not 
enough  to  affect  their  coherence.    While  this  incomplete  weathering 
does  not  materially  affect  the  excavation  of  the  rock,  it  becomes  very 
important  and  should  be  carefully  considered  when  the  rock  is  intended 
for  use  in  construction.     Rock  which  appears  to  be  perfectly  fresh  when 
first  removed  from  the  quarry  often  contains  many  incipient  fractures, 
and  these  develop  rapidly  on  exposure.    It  is  probable  that  all  of  the 
tuff  and  a  considerable  proportion  of  the  dacite  in  the  Eastern  Divide 
cut  would  develop  this  weakness  on  exposure,  and  hence  would  be 
entirely  unsuited  for  structural  purposes. 

nOCK  DECA  Y  IN  THE  WESTERN  DIVISION 

Turning  now  to  the  western  division,  the  phenomena  of  rock  decay 
are  found  to  be  strikingly  different,  and,  as  already  pointed  out,  this 
probably  depends  largely  on  climatic  differences  which  prevail  on  oppo- 
site sides  of  the  isthmus.    The  most  striking  difference  is  the  almost 
complete  absence  of  red  color  in  the  surface  soils.     This  change  in  color 
coincides  so  exactly  with  the  change  in  climatic  conditions  that  it  is 
difficult  to  escape  the  conclusion  that  the  change  in  color  is  due  directly 
to  climatic  causes.    The  prevailing  color  in  the  surface  soil  in  the  region 
west  of  the  lake  is  a  bluish  gray,  varying  to  black.     It  is  sometimes  a 
yellowish  gray  and  very  rarely  red.     One  reason  suggested  for  the  ab- 
sence of  the  complete  oxidation  of  the  surface  soil  and  the  consequent 
red  color  is  the  greater  amount  of  vegetable  matter  which  becomes  in- 
corporated with  the  upper  layers  of  the  soil.     As  pointed  out  in  the  dis- 
cussion of  the  climate,  the  surface  soil  is  alternately  baked  and  saturated 
with  water.    The  numerous  cracks  which  form  during  the  dry  season 
collect  leaves  and  twigs  and  when  the  cracks  are  closed  by  the  moisten. 
incr  of  the  soil  this  vegetable  matter  is  thoroughly  incorporated  with  the 
clay  to  a  very  considerable  depth.     It  may  be  that  it  is  present  in  suffi- 
cient quantity  to  combine  with  all  the  oxygen  which  is  carried  down  by 
the  percolating  waters  and  thus  prevent  the  oxidation  of  the  iron  con- 
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tained  in  the  underlying  rocks.  This  reducing  action  of  the  contained 
vegetable  matter  prevents  the  oxidation  of  the  iron  in  the  alluvial  silu 
in  the  eastern  division,  and  there  seems  no  reason  why  it  should  not  l>e 
equally  effective  in  preventing  oxidation  in  the  residual  clays  in  the 
western  division. 

Another  difference  at  once  noted  is  the  extent  to  which  rock  decay 
has  extended.  The  opportunities  for  determining  the  extent  of  rock 
weathering  on  the  west  side  have  not  been  so  good  as  for  determining 
its  extent  in  the  eastern  division,  and  the  rocks  which  are  there  present 
do  not  afford  the  same  variety  in  composition  and  structure.  Observa- 
tions are  confined  practically  to  two  kinds  of  rock,  namely,  the  igneous 
basic  rock  forming  the  large  area  north  of  the  Rio  Grand  valley,  and  the 
rocks  of  the  Brito  formation.  The  basic  igneous  rocks  do  not  differ 
essentially  from  those  which  occur  on  the  east  side,  where  they  are 
covered  with  a  great  depth  of  red  and  blue  clays.  On  the  west  side, 
however,  the  residual  material  covering  them  consists  of  a  comparatively 
thin  layer  of  bluish  gray  clay.  It  is  somewhat  doubtful  whether  the 
thinness  of  this  residual  mantle  is  due  to  the  less  rapid  decay  of  the 
rock  or  to  the  more  rapid  removal  of  the  products  of  weathering.  Cer- 
tainly the  latter  factor  is  im])ortant,  but  the  rate  of  weathering  may  also 
be  very  much  slower  under  the  climatic  conditions  which  here  prevail 
than  in  the  eastern  division.  The  blue  clay  appears  to  constitute  prac- 
tically the  only  product  of  decay,  and  the  extensive  zone  of  soft  rock  in 
which  the  minerals  are  entirely  altered,  but  in  which  the  original  rock 
structure  remains,  is  wanting. 

The  clay  derived  from  the  deca}'  of  the  Brito  formation  is  quite  sim- 
ilar to  that  derived  from  the  igneous  rocks,  except  that  it  contains  a 
notable  amount  of  sand  where  it  is  derived  from  the  more  sandy  por- 
tions of  the  formation.  Where  derived  from  the  calcareous  shales,  it 
forms  ,a  blue  or  black  tenacious,  plastic  clay.  Its  depth  varies  from 
nothing  up  to  10  or  15  feet,  depending  on  the  position  in  which  it 
occurs.  The  greatest  thickness  is  found  in  the  level  valleys,  where  the 
surface  is  practically  at  baselevel,  and  where  the  surface  erosion  is  very 
nearly  reduced  to  zero.  On  the  steep  hillsides,  on  the  other  hand,  the 
same  kinds  of  rocks  are  covered  with  a  very  scant}'  layer  of  residual  soil 
or  it  may  be  entirely  wanting. 

So  far  as  known,  there  is  nothing  on  the  west  side  which  corresponds 
to  the  zone  of  soft  rock  generally  represented  in  the  sections  from  the 
eastern  division.  Wherever  opportunity  was  afforded  for  observing  the 
character  of  the  passage  from  the  overlying  blue  clay  to  the  underlying 
igneous  rocks,  the  transition  was  found  to  be  abrupt,  and  the  iateriue- 
diate  zone  of  weathered  rock  was  absent. 
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Overlying  the  shales  of  the  Brito  formation,  there  is  a  zone  of  weath- 
ered rock  which  corresponds  in  some  measure  witlf  the  zone  of  soft'  rock 
generally  observed  in  the  eastern  division.  Within  this  zone  the  beds 
are  thoroughly  shattered  by  the  presence  of  numerous  joint  planes,  and 
concentric  weathering  has  been  more  or  less  extensively  developed. 
The  mechanical  alterations  which  the  rocks  have  suffered,  however,  are 
much  more  important  and  striking  than  the  chemical  changes ;  hence 
in  the  sections  this  is  called  the  zone  of  disintegrated  rather  than  weath- 
ered rock. 

Recent  geological  History 

rblationsfflp  bbtwbbn  topography  and  obolooy 

The  relation  between  the  topography  and  the  recent  geological  history 
of  the  region  is  so  intimate  that  a  description  of  the  former  i;iecessarily 
involves  some  statements  concerning  the  latter.  The  same  is  to  a  some- 
what less  extent  true  of  the  lithology ;  hence  in  the  foregoing  descrip- 
tion of  the  topography  and  of  the  rock  formations  some  of  the  main  fea- 
tures of  the  geological  history  have  been  briefly  outlined.  With  these 
prerequisite  facts  of  topography  and  lithology,  the  geological  history  may 
now  be  taken  up  systematically  and  in  some  detail. 

CONDITIONS  ANTERIOR  TO  TERTIARY  TIMB 

As  already  indicated,  no  rocks  older  than  the  Tertiary  occur  in  the 
region  of  the  Nicaraguan  depression,  so  that  there  is  only  negative  evi- 
dence as  to  the  conditions  which  prevailed  here  during  geological  periods 
earlier  than  the  Tertiary. 

In  the  region  to  the  northward  in  northern  Nicaragua  the  occurrence 
of  granites  and  crystalline  schists  has  been  described ;  also  small  areas 
of  Paleozoic  rocks.  The  present  extent  of  these  older  formations,  how- 
ever, as  well  as  their  former  distribution,  is  not  known. 

The  r^on  to  the  south  in  Costa  Rica  also  contains  older  formations, 
but  they  are  almost  completely  covered  by  the  recent  volcanic  rocks,  so 
that  the  former  extent  of  the  land  in  this  direction  also  is  unknown.  It 
is  quite  possible  that  a  depression  of  this  portion  of  the  isthmus  occurred 
at  the  beginning  of  Tertiary  time,  and  that  a  somewhat  extensive  land 
area  was  wholly  submerged  or  converted  into  an  archipelago. 

BARLY  TERTIARY  DEPOSITION  AND  VOLCANIC  ACTIVITY 

As  indicated  in  the  description  of  the  Brito  and  Machuca  formations, 
these  rocks  were  deposited  on  the  sea  bottom  in  early  Tertiary  time.  It 
is  assumed  that  during  their  deposition  there  was  open  communication 
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between  the  Atlantic  and  the  Pacific  oceans  across  this  portion  of  the 
isthmus,  although  it*  will  be  readily  conceded  that  this  conclusion  i? 
merely  an  hypothesis.  Sedimentary  formations  have  not  as  yet  httn 
traced  entirely  across  the  isthmus,  and  there  is  no  other  direct  evidence 
by  which  this  hypothesis  can  be  proven.  If,  however,  there  bad  l>een 
any  land  separating  the  two  oceans,  its  rocks  ought  to  be  recognizable 
at  the  present  time  as  distinctly  older  than  the  Tertiary  sediments  or  the 
volcanic  rocks  which  are  intimately  associated  with  them.  As  already 
stated,  no  such  older  rocks  are  recognized  in  the  region  of  the  Nicaragua/] 
depression,  and,  although  the  volcanic  activity  which  was  contempora- 
neous with  the  deposition  of  the  sedimentary  formations  may  have  cut 
off  the  communication  between  the  two  oceans  early  in  Tertiary  time, 
it  appears  at  least  probable  that  at  the  beginning  of  that  period,  and  iter 
haps  through  the  Oligocene,  the  sea  had  free  access  across  the  isthmus. 

The  argument  for  the  hypothesis  of  free  communication  across  t)/f' 
isthmus  in  Tertiary  time  has  been  very  fully  made  by  Hill.*  A  single 
link,  but  a  very  important  one,  is  wanting  in  the  evidence  obtained  at 
Panama.  This  missing  link  in  the  evidence  is  supplied  by  the  discover)' 
of  sedimentary  beds  on  the  Pacific  coast  of  Nicaragua  containing  the 
same  fossils  as  the  beds  previously  found  on  the  Caribbean  side  of  the 
isthmus.  Supplementing  Hill's  argument  with  this  new  evidence,  there- 
fore, the  case  seems  to  be  definitely  settled. 

The  conditions  which  prevailed  during  the  deposition  of  the  sedimen- 
tary rocks  were  somewhat  shallow  seas,  with  an  abundant  supply  <>f 
sediment  alternating  between  sand  and  mud.  The  sediment  appears  to 
have  been  chiefly  derived  not  from  a  region  underlain  by  deeply  decayed 
rocks,  but  rather  from  unconsolidated  and  recently  ejected  volcanic  ma- 
terial. The  extremely  coarse  conglomerates  which  occur  in  the  Brito 
formation  along  the  Pacific  coast  and  on  the  southwest  shore  of  lake 
Nicaragua  point  to  the  proximity  of  active  volcanoes.  The  coarser  ma- 
terial supplied  by  these  volcanoes  was  transported  but  a  short  distance, 
and  shows  the  effect  of  only  a  moderate  amount  of  wear.  The  finer 
material  was  widely  disseminated,  and  constitutes  a  very  considerable 
proportion  of  the  sedimentary  formations.  These  contain,  however,  a 
certain  proportion  of  clay,  doubtless  derived  from  the  residual  mantle 
covering  the  older  rocks  which  formed  adjacent  land  areas. 

The  conditions  at  certain  points  were  favorable  for  the  deposition  of 
limestone.  Considerable  lime  is  disseminated  throughout  the  entire  Brito 
formation,  and  is  segregated  in  marly  beds  and  in  occasional  lenses  of 
pure  limestone.    The  volcanic  activity  not  only  furnished  a  large  portion 

*  Robert  T.  HiU  :  The  geological  History  of  the  Isthmus  of  Panama  and  portions  of  Cosu  Ric^ 
BuU.  Mue.  Corop.  Zool.,  vol.  xxviii,  1898. 
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of  the  Tiiaterial  of  which  the  sedimentary  rocks  are  composed,  but  it  con- 
tinued* for  some  time  after  their  deposition,  and  produced  numerous 
dikes,  cutting  the  beds^  and  also  extensive  lava  flows,  which  in  places 
rest  upon  them.  This  volcanic  activity  appears  to  have  been  much  more 
violent  and  long  continued  near  the  axis  of  the  present  isthmus  than  on 
the  west  side. 

The  region  between  lake  Nicaragua  and  the  Pacific  ocean,  as  already 
indicated,  is  occupied  chiefly  by  sedimentary  beds  and  by  recent  volcanic 
material.  Only  a  few  large  areas  and  occasional  dikes  of  intrusive  rocks 
have  been  found  associated  with  the  Brito  formation,  and  it  is  not  cer- 
tain that  these  ever  reached  the  surface.  While  the  coarse  conglomerates 
along  the  Pacific  coast  demonstrate  the  near  proximity  of  volcanoes,  the 
indications  are  that  the  volcanic  vents  from  which  this  material  was  de- 
rived were  to  the  west  of  the  present  coastline. 

The  conglomerates  are  confined,  so  far  as  known,  to  the  immediate 
margin  of  the  ocean,  and  the  source  of  the  material  seems  clearly  to 
have  been  to  the  westward.  The  similar  conglomerates  which  occur  on 
the  southwest  shore  of  the  lake  appear  to  have  been  derived  from  vents 
to  the  southward,  and  to  mark  the  southern  margin  of  the  sea  in  which 
the  Brito  formation  was  deposited. 

As  stated  above,  the  Tertiary  volcanic  activity  was  most  prevalent  in 
the  region  east  of  the  lake.  More  than  two-thirds  of  the  area  which  has 
been  examined  between  the  lake  and  the  Caribbean  is  now  occupied  by 
igneous  rocks,  which  present  considerable  variety  in  composition  and 
structure.  It  is  probable  that  the  present  area  of  the  Machuca  forma- 
tion does  not  represent  its  original  extent,  but  merely  a  region  in  which 
the  volcanic  rocks  have  failed  to  wholly  conceal  the  sediments. 

The  numerous  beds  of  conglomerate  and  stratified  ash  associated  with 
the  lavas  in  the  region  eastward  from  Machuca  point  to  the  presence  of 
standing  water  during  the  period  of  volcanic  activity.  This  water  in 
which  the  ejecta  were  deposited  may  have  been  a  shallow  sea,  from  whose 
bed  the  volcanoes  rose,  or  a  series  of  lakes  formed  on  the  imperfectly 
drained  constructional  surface.  It  is  very  diflScult,  however,  to  determine 
even  approximately  the  conditions  which  prevailed  during  the  deposi- 
tion of  this  heterogeneous  collection  of  formations.  The  difficulty  is 
of  course  greatly  enhanced  by  the  deeply  weathered  condition  in  which 
the  rocks  are  now  found. 

MIDDLE  TERTIARY  UPLIFT  AND  EROSION 

The  period  of  deposition  in  this  region  appears  to  have  been  termi- 
inated  toward  Middle  Tertiary  time  by  an  uplift  which  was  coincident 

XLVni— BuLi..  Gkol.  Soc.  Am.,  Vol.  10,  1898 
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with  a  suspension  of  the  volcanic  activity.  The  extent  of  the  hu'] 
after  the  uplift  can  only  be  determined  in  a  very  general  way.  It  i- 
probable  that  the  Pacific  coast  was  some  distance  farther  southwest  than 
at  present,  and  there  may  have  been  volcanic  peaks  along  tliis  cou>t 
which  have  subsequently  been  entirely  removed  by  marine  erosion. 
The  isthmus  was  very  likely  somewhat  broader  than  now,  although  the 
elevation  was  such  that  any  particular  rock  stratum  was  from  W)  ui 
200  feet  lower  than  at  the  present  time.  The  uplift  inaugurated  a  perirKi 
of  active  degradation.  It  is  probable  that  the  surface  at  the  beginning 
of  this  period  was  in  general  broadly  undulating,  with  perhaps  isolateil 
volcanic  peaks,  but  no  distinct  mountain  chain.  The  uplift  was  accorn- 
panied  by  only  moderate  warping  and  tilting  of  the  surface,  for  the  Ter- 
tiary beds  have  suffered  comparatively  little  disturbance  up  to  the  pre^en: 
time.  Their  average  dips  are  between  10  and  15  degrees.  In  general 
the  character  of  the  deformation  was  such  as  to  produce  a  series  of^entk 
folds,  whose  axes^re  approximately  parallel  with  the  coastlines.  This 
was  doubtless  accompanied  by  more  or  less  faulting,  although  evidence 
of  the  latter  is  very  meager. 

The  character  of  the  present  drainage  makes  it  evident  that  no  struc- 
tures were  developed  in  the  region  suflBciently  well  defined  and  pro- 
nounced to  have  a  marked  influence  on  the  direction  of  the  drainage. 
The  stream  courses,  with  the  exceptions  which  have  been  already  noteii 
and  which  will  be  explained  later,  are  such  as  would  have  resulted  from 
normal  stream  development  on  a  low,  gently  undulating  arch. 

The  region  now  occupied  by  the  Nicaraguan  depression  appears  to 
have  been  originally  the  lowest  and  narrowest  portion  of  the  isUimus; 
hence  its  surface  was  more  nearly  reduced  to  baselevel  during  this  deo^ra- 
dation  period  than  that  of  the  broader  portion  to  the  north.     A  some- 
what perfect  peneplain  was  developed  along  its  margins,  and  broad  biise- 
leveled  valleys  were  extended  well  back  to  the  divide,  in  whicb  there 
were  numerous  low  broad  gaps.     Although  the  position  of  the  coastlines 
at  the  beginning  of  this  period  is  not  easily  determined,  their  position  at 
its  conclusion  may  be  made  out  with  a  fair  degree  of  probability.    The 
Atlantic  coast  was  perhaps  about  where  it  now  is,  or  possibly  a  little 
farther  east  than  at  the  present  time,  for  although  it  has  subsequently 
been  moved  westward  by  submergence  and  by  marine  erosion,  it  has 
also  been  considerably  extended  by  emergence  and  by  deposition,  so 
that  its  oscillations  have  about  balanced  each  other.    The  Pacific  coast, 
on  the  other  hand,  differed  materially  in  outline  from  the  present.    As 
already  indicated,  lakes  Nicaragua  and  Managua  then  had  no  existence, 
and  the  coastline  occupied  a  position  somewhat  near  that  represented  on 
the  accompanying  outline  map,  plate  30,  although  the  line  there  shown 
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is  intended  to  represent  the  position  of  the  coast  at  a  somewhat  later 
|>eriod. 

POST'TBRTIARY  ELEVATION  AND  OORQE  CUTTING 

TUe  middle  and  late  Tertiary  time,  as  indicated  above,  was  occupied 
by  a.  period  of  erosion,  with  the  reduction  of  much  of  the  region  to  the 
condition  of  a  peneplain.     In  the  late  Tertiary  or  Pleistocene  the  region 
was  again  elevated,  this  time  probably  without  deformation  of  its  sur- 
face, although  there  may  have  been  a  slight  arching  of  the  isthmus  on 
the  northwest-southeast  axis,  and  possibly  also  an  arching  on  a  subordi- 
nate axis  west  of  the  present  lake  basin.    The  total  elevation  was  prob- 
ably between  200  and  300  feet.    The  immediate  eflTect  of  this  uplift  was 
io  stimulate  the  streams  to  renewed  activity.    They  began  at  once  to 
trench  the  peneplain  and  tlie  broad  baseleveled  valleys  which  they  had 
formed  in  the  preceding  period. 

The  consequences  of  the  uplift  were  necessarily  first  felt  in  the  lower 
courses  of  the  streams,  and  their  valleys  were  there  first  lowered  to  the 
newly  established  baselevel.    Thence  the  deepened  channels  were  cut 
backward  toward  theij  headwaters.     In  the  valley  of  the  river  which 
<x;cupied  the  present  position  of  the  San  Juan  from  Castillo  eastward, 
various  phases  in  the  process  of  reduction  were  present.     In  the  lower 
course  of  the  stream  a  broad  valley  was  developed  with  only  a  few  iso- 
lated remnants  of  the  former  plain  remaining.     This  extended  upward 
as  far  ae  Tamborgrande.    From  Tamborgrande  to  the  Boca  San  Carlos 
the  valley  was  rather  broad,  but  the  adjacent  hills  retain  distinct  evi- 
dences of  the  former  peneplain,  and  wherever  the  rocks  were  unusually 
hard  the  valley  of  the  stream  was  correspondingly  restricted.    Between 
the  Boca  San  Carlos  and  the  Continental  divide,  which  was  then  near 
the  present  position  of  Castillo,  the  stream  was  comparatively  small  and 
flowed  in  a  narrow  gorge.    Its  channel  was  cut  down  to  a  rather  low 
gradient  backward  to  the  present  position  of  the  Machuca  rapids.     At 
this  point  was  the  junction  of  three  branches,  probably  of  nearly  equal 
size,  occupying  the  valleys  of  the  Infiernito,  the  Machuca,  and  the  pres- 
ent San  Juan.  • 

The  tributaries  of  this  river  also  cut  down  into  the  old  valleys,  and 
the  extent  to  which  they  succeeded  in  lowering  their  channels  varied 
with  their  position  and  size.  Naturally  those  nearest  the  mouth  of  the 
stream  were  earliest  stimulated  to  renewed  activity  by  the  lowering  of 
the  trunk  stream  into  which  they  flowed,  and  hence  these  had  the  longest 
time  in  which  to  effect  the  lowering  of  their  own  channels,  while  those 
nearer  the  headwaters  of  the  trunk  stream  were  not  materially  affected 
until  late  in  the  gradation  period.    Thus  the  tributaries  of  the  San  Juan 
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as  far  up  as  the  San  Francisco  have  lowered  their  channels  below  their 
old  baselevel — if  not  entirely  to  their  headwaters,  at  least  well  back 
toward  them.  Beyond  the  San  Francisco  the  upper  portions  of  the 
tributaries  are  found  still  flowing  at  the  level  of  their  old  valleys,  which 
they  have  not  as  yet  had  tinne  to  completely  dissect.  Excellent  exam- 
ples of  this  immature  drainage  are  seen  in  the  basin  of  the  Machado, 
and  with  increasing  frequency  from  that  point  westward  to  the  Toro 
rapids.  Thus  the  Machuca  and  Bartola  are  rapid  streams,  still  actively 
corrading  their  channels  almost  down  to  their  junction  with  the  San 
Juan. 

The  stream  which  occupied  the  upper  portion  of  the  San  Juan  valley, 
as  indicated  above,  headed  on  the  Continental  divide  in  the  vicinity 
of  Castillo,  and  receiving  as  tributaries  the  Rio  Frio  and  other  stream^* 
now  emptying  into  the  lower  end  of  the  lake,  flowed  northwest  to  the 
head  of  a  bay  in  the  vicinity  of  the  island  of  Madera.  This  stream,  like 
the  other,  was  stimulated  by  the  uplift  and  rapidly  cut  its  channel  back* 
ward,  dissecting  its  old  valleys  well  up  toward  the  Continental  divide. 
This  old  channel,  now  drowned  by  the  waters  of  lake  Nicaragua,  has 
been  traced  more  or  less  continuously  from  the  vicinity  of  Madera  south- 
east with  gradually  decreasing  depth  to  the  vicinity  of  the  Balsillas 
islands.  It  may  very  likely  have  extended  beyond  this  point,  and  iU 
upper  portion  has  been  subsequently  filled  by  the  sediment  carried  into 
the  southern  end  of  the  lake  chiefly  by  the  Rio  Frio. 

The  cape  which  extended  northwest  between  the  waters  of  the  Pacific 
ocean  and  the  bay  of  Nicaragua  appears  to  have  suff*ered  some  differen- 
tial uplift,  its  southern  portion  being  elevated  more  than  its  northern 
portion.  Not  enough  study  has  yet  been  given  to  the  whole  of  this  re- 
gion, however,  to  determine  with  any  degree  of  certainty  the  details  of 
its  recent  history.  Nevertheless  it  is  known  that  the  rivers  to  the  south 
of  the  Rio  Grande  have  cut  their  channels  much  deeper  than  those  to 
the  north,  and  that  some  of  the  latter  appear  to  have  been  affected  hut 
little  either  by  this  uplift  or  by  the  subsequent  depression.  Only  the 
valley  of  the  Rio  Grande  has  been  carefully  studied,  and  it  is  certain 
that  ^le  uplift  there  was  at  least  200  feet. 

The  active  wave  cutting  along  the  Pacific  coast  during  this  and  the 
preceding  period  shortened  the  distance  from  the  coast  to  the  subordi- 
nate divide  on  the  highland  forming  the  cape,  thus  rendering  the  length 
of  the  streams  flowing  in  opposite  directions  from  this  divide  very  »"* 
equal.  Those  flowing  to  the  Pacific  therefore  had  a  very  steep  gradient, 
while  those  flowing  east  to  the  Nicaraguan  depression  had  a  compara- 
tively flat  slope ;  hence  the  corrasion  of  their  channels  was  projwrtion- 
ately  greater  by  the  steams  flowing  directly  to  the  Pacific  thaft  by  those 
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which  reached  the  ocean  indirectly  through  the  bay  of  Nicaragua.  The 
former  group,  of  which  the  stream  occupying  the  lower  portion  of  the 
present  Rio  Grande  valley  is  the  best  studied  example,  cut  their  valleys 
well  down  toward  the  new  baselevel  nearly  up  to  the  divide,  while  the 
inner  portion  of  the  peneplain  occupied  by  the  eastward  flowing  streams 
was  scarcely  at  all  affected  and  the  gorge  cutting  was  confined  chiefly 
to  their  lower  portions,  which  are  now  occupied  by  the  waters  of  the  lake. 
It  is  true  the  main  trunk  stream  entering  the  head  of  the  bay  cut  its 
channel  backward  well  toward  its  headwaters,  but  the  tributaries  from 
the  southwest  cut  only  shallow  trenches  in  the  outer  portion  of  the  Rivas 
plain  and  none  at  all  in  its  inner  portion. 

The  relations  of  coast  lines  and  divides  which  prevailed  at  this  period 
are  represented  on  the  outline  map  (plate  30).  The  divide  between  the 
streams  flowing  to  the  Pacific  and  those  flowing  to  the  bay,  which,  after 
the  bay  had  been  converted  into  a  lake,  became  the  Continental  divide, 
is  shown  by  the  broken  line  nearest  the  Pacific  coast.  The  length  of  the 
streams  flowing  in  opposite  directions  from  this  divide  is  seen  to  be  very 
unei[ual.  The  inequality  in  length  is  so  great  that  before  the  acceleration 
in  corrasion  could  be  felt  half  way  up  the  courses  of  the  longer  east- 
iiowing  streams  it  had  caused  a  deepening  of  the  entire  channels  of  the 
shorter  Pacific  streams.  With  such  advantages,  the  shorter  streams  began 
an  active  conquest  of  drainage  area  from  those  less  favorably  located  on 
the  east  of  the  divide.  The  result  was  that  at  one  point,  where  the  ad- 
vantages of  the  Pacific  stream  were  most  decided,  the  divide  between  con- 
tending streams  was  pushed  east,  and  successive  portions  of  the  eastern 
drainage  were  diverted  to  the  Pacific. 

The  rapidity  with  which  different  portions  of  the  divide  were  shifted 
east  depended  largely  on  its  relative  hight  and  the  length  of  the  con- 
tending streams.  The  conditions  were  evidently  most  favorable  nearly 
opposite  the  end  of  the  bay,  probably  because  the  soft  sedimentary  rocks 
here  extended  entirely  across  from  the  ocean  to  the  bay,  while  to  the 
north  and  south  there  were  considerable  areas  of  harder  igneous  rocks ; 
hence  the  surface  had  here  been  well  reduced  in  the  preceding  period, 
and  Was  favorably  circumstanced  for  further  rapid  reduction. 

The  stream  which  suffered  diversion  earliest  appears  to  have  occupied 
the  present  position  of  a  portion  of  the  Tola,  the  upper  Rio  Grande,  the 
(iuiscoyol,  and  tlie  lower  Lajas.  This  stream  was  probably  5  or  6  times 
the  length  of  its  opponent  on  the  Pacific  side,  so  that  the  same  fall  from 
the  divide  was  distributed  over  a  correspondingly  greater  distance,  and 
hence  had  relatively  much  less  than  a  fifth  of  the  efficiency  of  the  shorter 
stream.  This  east-flowing  stream  had  in  the  preceding  period  developed 
a  rather  broad  valley,  the  upper  portion  of  which  lay  between  the  main 
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divide  and  the  hills  bordering  the  Rivas  plain.  The  remnants  of  this 
baseleveled  valley  are  found  in  the  upper  Tola  baain,  while  the  iow^ 
portion  of  that  basin  is  very  perfectly  reduced  to  the  present  baselevel, 
only  the  uniform  summits  of  a  few  rounded  hills  suggesting  the  fonner 
existence  of  a  plain  at  a  higher  level. 

In  the  upper  Rio  Grande  basin  the  Rivas  plain  can  be  traced  from  its 
typical  development  at  the  present  Continental  divide  westward  throuj^h 
the  increasing  degrees  of  dissection  to  the  summits  of  a  few  hills  nearly 
down  to  the  Tola.  The  inference,  therefore,  that  the  remnants  o(  the 
plain  observed  in  the  upper  .Tola  and  in  the  upper  Rio  Grande  vallevF 
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To  illustrate  recent  shifting  of  Continental  divide. 
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were  originally  portions  of  the  same  baseleveled  plain,  is  fairly  well  estab- 
lished. Accelerated  by  the  lowering  of  its  outlet,  the  diverted  Tola  has 
iLself  made  considerable  progress  in  the  conquest  of  drainage  formerly 
belonging  to  the  eastward  flowing  streams.  It  has  diverted  branches 
both  of  the  Gonzales  and  Medio,  the  reversed  streams  now  forming  the 
Chacalapa  and  Matinga,  and  leaving  low  gaps  in  the  present  ContinentAl 
divide.  The  Guachipilin,  now  flowing  into  the  upper  Rio  Grande, 
formerly  found  an  outlet  eastward  to  the  Medio. 

The  latest  diversion  has  evidently  been  the  Guiscoyol,  which  was  per- 
haps the  largest  stream  in  this  region  flowing  eastward.  Its  source,  now 
forming  the  headwaters  of  the  Rio  Grande,  was  in  the  high  hills  which 
border  the  lower  Rio  Grande  valley.  The  Rio  Grande  is  thus  seen  to 
have  a  composite  course,  which  now  makes  a  nearly  complete  circuit 
before  reaching  the  sea. 
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The  recently  deserted  gap  between  the  diverted  upper  Rio  Grande  and 
the  heheaded  Guiscoyol  is  a  broad  shallow  valley,  its  highest  point  being 
154  feet  above  sealevel.  It  is  occupied  during  the  wet  season  by  a  swamp, 
from  which  the  water  appears  to  flow  in  both  dircictions.  That  flowing 
toward  the  lake  occupies  a  shallow  channel,  evidently  once  the  bed  of  a 
larger  stream,  while  that  flowing  west  soon  finds  itself  in  a  narrow, 
sharply  cut  ravine  with  rapid  descent  to  the  rather  deep  channel  of  the 
Rio  Grande. 

The  process  of  diversion  above  outlined  was  inaugurated  at  the  begin- 
ning of  the  high-level  period  now  being  considered,  but  it  doubtless 
continued  during  the  succeeding  period  after  the  formation  of  the  lake. 
It  is  evident  that  the  process  is  still  going  on,  and  that  the  Continental 
divide  is  now  moving  eastward  at  a  rate  which  may  be  regarded  as  ex- 
tremely rapid  compared  with  most  drainage  changes,  and,  with  the  de- 
cided advantages  possessed  by  the  Rio  Grande,  it  is  somewhat  surprising 
that  the  latter  stream  has  not  already  tapped  the  lake. 

RECENT  DEPRESSION  AND  ALLUVIATION 

The  process  of  gorge-cutting  which  characterized  the  period  of  high 
level  just  described  was  terminated  by  a  depression  of  the  region,  amount- 
ing to  a  little  more  than  half  the  elevation  which  had  inaugurated  the 
preceding  period.    The  effect  of  the  depression  was  to  drown  the  lower 
portions  of  the  river  valleys,  converting  them  into  tidal  estuaries.    At 
first  the  depression  afiected  only  those  portions  of  the  river  valleys  which 
were  brought  below  sealevel,  while  in  the  upper  portions  the  deepening 
of  the  stream  channels  continued  as  actively  as  before.    The  waste  from 
the  land,  however,  instead  of  being  carried  out  to  sea  and  distributed 
by  littoral  xsurrents,  began  at  once  to  shoal  and  fill  up  the  heads  of  the 
estuaries.    With  the  consequent  lengthening  of  the  streams  their  beds 
were  raised,  and  consequently  the  influence  of  the  depression  was  ex- 
tended up  their  valleys  at  a  rate  corresponding  to  the  extension  of  their 
lower  courses.     It  is  probable  that  the  depression  of  the  surface  was  com- 
paratively slow,  and  the  filling  of  the  estuaries  may  have  very  nearly  kept 
pace  with  their  formation.    As  soon,  however,  as  the  depression  of  the 
land  was  at  any  point  slower  than  the  filling  of  the  estuary  the  influence 
of  the  depression  would  proceed  upstream  at  a  rate  depending  upon  the 
extension  of  the  lower  course  of  the  river. 

The  depression  of  the  land  appears  to  have  been  accompanied  by  a 
moderate  local  warping  of  the  surface.  This  warping  may  have  affected 
the  entire  isthmus,  but  the  means  of  detecting  it  are  not  at  hand,  except 
in  the  western  portion.  The  Rivas  plain  has  evidently  suffered  a  gentle 
tilt  to  the  northeast,  and  it  is  more  than  probable  that  this  tilting  was 
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accomplished  during  the  depression  of  the  land  surface.  It  will  be  re- 
called that  the  Rivas  plain  is  a  plain  of  degradation,  formed  by  theactio:: 
of  streams  flowing  near  baselevel.  A  plain  formed  in  this  way  lnu^t 
necessarily  be  nearly  horizontal,  but  the  present  Rivas  plain  has  a  slop^i 
to  the  northeast  of  about  8  feet  to  the  mile.  This  is  manifestly  greater 
than  the  gradient  of  streams  forming  a  baseleveled  plain.  It  is  cons^iu- 
erably  greater  than  the  gradient  of  the  present  streams  which  cros>  it. 
The  latter,  emerging  from  rather  deep,  narrow  gorges  in  the  residual  hilW 
to  the  southwest,  cut  narrow  channels  in  the  inner  portion  of  the  Riva.- 
plain.  These  channels  in  some  cases  have  a  depth  of  60  feet  or  moiv. 
They  gradually  decrease  in  depth  toward  the  outer  margin  of  the  plain. 
the  unequal  slopes  of  the  stream  bed  and  the  peneplain  surface  bringing 
them  together  at  the  lake  margin. 

Accompanying  the  depression  of  the  land  which  inaugurated  ihU 
period  was  a  renewal  of  the  volcanic  activity  of  the  region.  It  is  possi- 
ble that  the  volcanism  and  the  depression  may  be  intimately  related  aj^ 
cause  and  effect,  or  may  be  both  the  effects  of  a  common  cause.  How- 
ever this  may  be  with  regard  to  the  depression. of  the  region  as  a  whole, 
it  is  more  than  probable  that  the  observed  deformation  of  the  surface  i? 
due  directly  to  the  volcanic  activity.  This  activity  was  manifested  alonj^ 
two  lines  of  vents  forming  the  lines  of  volcanic  craters  whose  topography 
has  already  been  described.  The  southern  series  of  vents  forming  the 
Costa  Rican  volcanic  range  broke  out  within  a  land  area  and  posi«ii)Iy 
on  a  somewhat  elevated  plateau.  These  volcanoes  have  obliterated  the 
))reexistent  topography  and  built  up  a  massive  mountain  range.  The 
northern  series  of  vents  forms  the  Nicaraguan  volcanic  range.  Between 
the  nearest  peaks  of  the  two  ranges — Orosi  to  the  south  and  Madera  to  the 
north — there  is  a  gap  of  about  30  miles. 

However  closely  the  two  ranges  may  be  associated  in  the  causes  which 
led  to  the  extension  of  their  lavas  and  in  the  character  of  the  lavas  them- 
selves, they  are  entirely  distinct  at  the  surface  and  are  separated  by  sedi- 
mentary and  igneous  rocks  belonging  to  an  earlier  geological  perio<l.  As 
seen  from  the  map  (plate  30),  on  which  the  former  position  of  the  Pacific 
coastline  is  shown,  the  volcanic  vents  which  formed  the  Nicaraguan 
range  broke  out  on  the  sea  bottom  and  extended  nearly  parallel  to  the 
west  coast.  The  northern  vents  of  the  group  were  the  more  active,  and 
have  given  rise  to  a  somewhat  continuous  mountain  chain  and  also  io 
the  extensive  Jinotepe  plateau. 

FORMATION  OF  LAKE  NICARAGUA 

The  position  of  these  volcanic  vents  with  reference  to  the  coastiine  was 
such  that  when  their  ejected  material  had  reached  the  surface  of  the  sea 


ORIGIN  OP  LAKE  NICARAGUA  341 

• 

it  formed  a  barrier  across  the  bay  of  Nicaragua.     This  barrier  was  built 
gradually  higher  by  successive  eruptions,  and  since  in  the  area  behind 
it  precipitation  was  greater  than  evaporation,  the  waters  rose  above  sea- 
level  and  doubtless  escaped  westward  over  the  barrier  during  periods  of 
quiescence  in  the  volcanic  activity.    As  the  surface  of  the  barrier  was 
raised  by  successive  additions  of  volcanic  ejecta,  the  surface  of  the  im- 
pounded waters  was  raised  to  a  hight  probably  somewhat  above  the 
present  elevation  of  lake  Nicaragua.    The  lake  thus  formed  occupied 
not  only  the  position  of  the  former  bay,  but  flooded  the  basins  of  the 
tributary  streams.     Its  surface  finally  reached  the  lowest  point  in  the 
Continental  divide,  where  a  west-flowing  stream  headed  against  one 
which  occupied  the  present  position  of  the  San  Juan.     When  this  point 
was  reached  the  intermittent  escape  of  the  impounded  waters  across  the 
volcanic  dam  to  the  westward  was  changed  for  a  permanent  outlet  to  the 
eastward. 

The  gap  when  first  discovered  and  overtopped  by  the  rising  waters 
was  doubtless  of  deeply  weathered  rock  and  residual  clay.  This  must 
have  been  very  rapidly  cut  down  by  the  escaping  waters  until  the  under- 
lying hard  rock  was  reached,  when  the  permanent  level  of  the  lake  was 
established,  which  it  has  retained  practically  unchanged  to  the  present 
time. 

It  is  quite  possible  that  the  gaps  through  the  Continental  divide  to  the 

east  and  through  the  divide  across  the  west  strip  of  land  between  the 

former  bay  and  the  Pacific  ocean  were  so  near  the  same  level  that  the 

lake  had  for  a  short  time  an  outlet  both  to  the  Atlantic  and  to  the  Pacific. 

An  examination  of  a  portion  of  the  Rio  Grande  gorge  possibly  throws 

some  light  on  this  question.     From  the  point  where  the  Rio  Grande  turns 

abruptly  to  the  northwest  in  the  reversed  channel  of  the  stream  which 

formerly  flowed  east,  for  a  distance  of  4  or  5  miles  to  the  point  where  the 

gorge  opens  out  to  the  alluvial  plain  bordering  the  lower  river,  there  is 

an  old  channel  which  has  been  partially  silted  up  by  the  present  river. 

The  stream  only  occasionally  touches  the  rock  walls  of  the  gorge  on  the 

convex  sides  of  its  meanders.    At  the  same  time  it  nowhere  departs 

wholly  from  the  old  channel — that  is,  it  nowhere  has  the  character  of  a 

superposed  stream.     It  is  evident  that  the  present  stream  is  smaller  than 

one  which  excavated  and  formerly  occupied  this  valley.    There  are  three 

ways  in  which  the  present  conditions  might  have  been  brought  about: 

1.  The  present  valley  might  have  been  occupied  by  a  stream  which 

was  once  larger  than  at  present,  but  which  has  suffered  a  partial  diversion 

of  its  headwaters  by  capture  through  the  encroachment  of  a  neighboriTig 

stream.    This  possible  explanation,  however,  is  not  applicable  in  this 

case,  since  the  Rio  Grande  is  itself  a  growing  stream,  and  is  constantly 

XLIX— Bull.  Okol.  Soc.  Am.,  Vol.  10,  1898 
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adding  to  its  drainage  area  and  hence  to  its  volume  by  encroaching  on 
the  basins  of  its  neighbors.  There  is  no  evidence  from  the  arrangement 
of  the  drainage  in  this  region  that  the  Rio  Grande  has  ever  lost  any  ter- 
ritory in  this  way. 

2.  The  former  volume  of  the  Rio  Grande  might  have  been  greater  h}- 
reason  of  dififerent  climatic  conditions  which  at  some  former  time  gave 
the  region  a  greater  rainfall  than  it  now  has.  There  is  no  direct  evidence 
in  favor  of  this  hypothesis.  So  far  as  known,  there  is  no  evidence  what 
ever  that  the  rainfall  has  ever  been  greater  in  this  region  than  it  is  at 
the  present  time.  On  the  contrary,  if  a  greater  rainfall  has  been  the 
cause  of  the  old  valley,  this  condition  would  have  been  general  in  its 
effects,  and  all  the  streams  of  the  region  would  show  the  same  evidence 
of  greater  volume  in  the  past.  So  far  as  known,  however,  the  Rio  Grande 
is  exceptional  in  this  respect. 

3.  The  third  possible  explanation  is  that  the  lake  may  have  found  an 
outlet  for  a  short  time  by  way  of  the  Rio  Grande  valley.     As  pointed 
out  above,  the  lake  rose  behind  the  barrier  formed  of  volcanic  ejecta 
until  the  level  of  the  impounded  waters  reached  the  lowest  gap  in  the 
Continental  divide,  where  they  spilled  over  and  escaped  by  way  of  a 
river  channel  leading  eastward  to  the  Caribbean  sea.    Now  the  material 
forming  the  gap  in  the  divide  must  have  been  residual  clay  and  deeply 
weathered  rock,  material  which  would  be  rather  readily  removed  by  the 
corrasion  of  the  escaping  waters ;  also  a  study  of  the  present  river  gorge 
where  the  Continental  divide  formerly  existed  shows  that  the  channel 
has  here  been  considerably  lowered.     It  does  not  seem  at  all  improb- 
able, therefore,  that  the  lake  for  a  short  time  may  have  been  50  or  more 
feet  higher  than  now  with  refrence  to  the  surrounding  country ;   but  if 
it  were  raised  60  feet,  its  waters  would  escape  by  the  Lajas-Grande  gap 
westward  to  the  Pacific.     It  seems  possible  that  when  the  waters  of  the 
lake  were  first  raised  by  the  growing  barrier  to  the  northwest,  they  found 
two  gaps  at  approximately  the  same  altitude,  and  for  a  time  escaped  in 
part  east  to  the  Atlantic  and  in  part  west  to  the  Pacific.  *  Active  corra- 
sion of  the  two  outlets  began  at  once.    The  gorge  of  the  Rio  Grande  was 
excavated,  but  the  gap  in  the  main  divide  in  the  east  was  at  first  in  less 
resistant  material,  and  was  consequently  cut  down  the  more  rapidly. 
By  the  time  hard  rock  was  reached  in  this  gap  the  waters  had  been 
entirely  withdrawn  from  the  western  outlet.     The  eastward  tilting  of  the 
region  west  of  the  lake  may  have  continued  well  into  this  period,  and 
have  been  in  some  measure  instrumental  in  finally  turning  the  outlet  to 
the  east. 

It  is  possible  tl^at  at  first  the  gap  in  the  main  divide  to  the  east  was 
so  much  higher  than  the  one  to  the  west  that  all  the  water  escaped  by 
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the  latter;  that  the  backward  cutting  of  the  east-flowing  stream  lowered 
a  i^ap  in  the  divide,  and  by  reason  of  the  less  resistant  material  of  which 
it  'WBJS  composed  diverted  at  first  a  part  and  finally  all  the  waters  of  the 
lake  to  the  east.  This  is  only  a  modification  of  the  third  hypothesis, 
and  does  not  affect  the  main  point,  namely,  that  for  a  longer  or  shorter 
period  the  lake  had  two  outlets — one  by  the  Ijajas-Grande  gap  and  the 
other  by  the  valley  of  the  present  San  Juan. 

This  modification  of  the  hypothesis  removes  one  of  the  most  setious 
ohjections  to  the  above  stated  theory  for  the  origin  of  the  lakes.    An  ex- 
amination of  the  region  which  it  assumes  to  have  been  occupied  by  the 
Continental  divide  leads  to  the  conclusion  that  the  lowest  gap  in  the 
divide  was  probably  more  than  50  feet  above  the  present  river.    An  ele- 
vation for  the  present  divide  above  the  San  Juan  at  Castillo  of  100  feet 
or  possibly  more  would  accord  better  than  an  elevation  of  50  feet  or  less 
with  the  topography  and  drainage  of  the  region  and  with  the  character- 
istics of  divides  in  general ;  and  it  is  by  no  means  impossible  that  the 
>)ackward  cutting  of  the  eastward  flowing  stream  should  lower  the  gap 
50  or  75  feet  in  residual  clay  while  the  outlet  of  the  lake  was  cutting  the 
4  or  5  miles  of  rock  gorge  new  occupied  by  the  Rio  Grande. 

The  above  theor}-  for  the  formation  of  lake  Nicaragua  is  supported  by 
a  consideration  of  its  fauna.  In  a  paper  on  the  fishes  of  the  lake,  Gill 
and  Bransford  make  the  following  statements :  * 

"  The  element  of  especial  interest  in  connection  with  the  ichthyic  fauna  of  the 
lake  is  the  association  of  forms  that  we  are  in  the  habit  of  regarding  as  character- 
istically marine  with  those  that  are  at  least  as  ezclasively  fresh-water  types.  Thus 
with  the  species  of  Cichlids  and  Characinids,  of  which  no  representatives  have 
been  found  in  marine  waters,  we  have  a  species  of  Megnlops,  a  shark  and  a  sawfish." 

*•  The  why  and  wherefore  of  such  combinations  of  species  are  not  entirely  ap- 
parent. They  may  have  resulted  (1)  from  the  intrusion  of  salt-water  types  into 
the  fresh  waters,  or  (2)  from  the  detention  and  survival  of  the  salt-water  fishes  in 
inlets  of  the  sea  that  have  become  isolated  and  gradually  become  fresh-water  lakes. 
On  the  whole,  it  appears  more  probable  that  the  latter  is  the  case.  By  the  uplift 
of  the  land  an  inlet  of  the  Pacific  ocean  might  have  been  shut  off  from  communi- 
cation from  the  ocean,  and  the  character  of  the  water  would  be  soon  changed  by 
the  copious  showers  of  that  tropical  country.  The  shark,  sawfish,  megalops,  and 
other  species  mostly  found  in  the  sea  had,  however,  time  to  accommodate  them- 
selves to  the  altered  conditions,  and  in  this  connection  it  must  be  remembered, 
too,  that  most  of  the  types  in-  question  are  known  to  voluntarily  ascend  high  up 
streams  and  even  into  fresh  water.  The  numerous  rapids  of  the  river  discharging 
from  the  lake  discourage,  however,  the  Idea  that  the  species  enumerated  have  vol- 
untarily ascended  that  river  and  entered  the  lake.'' 

Of  special  significance  is  the  fact,  not  known  at  the  time  the  above 

•Theodore  Gill  and  J.  F.  Bransford:  Synopsis  of  the  Fishes  of  Lake  Nicaragua.    Proc.  Acad. 
Nat.  Sci.,  Philadelphia,  vol.  xxix,  1877,  p.  179. 
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was  written,  but  recently  communicated  to  the  writer  by  Dr  GiU,  that 
the  sharks  of  lake  Nicaragua  are  specifically  identical  with  those  found 
in  adjacent  portions  of  the  Pacific  ocean,  but  distinct  from  those  found 
in  the  Caribbean  sea. 

SUBSEQUENT  MODIFICATION  OF  THE  LAKE 

Volcanic  eruptions. — The  original  outline  of  the  lake  formed  behind  the 
barrier  of  volcanic  ejecta  was  probably  quite  different  from  that  of  the 
present  lakes.  The  subsequent  modification  has  been  due  to  several 
agencies.  The  continuation  of  volcanic  eruptions  has  doubtless  very 
much  contracted  the  northwest  portion  of  the  depression.  It  is  prob- 
able that  the  original  depression  was  occupied  by  a  single  lake  which 
extended  northwestward  beyond  the  present  limits  of  lake  Managua. 
Later  eruptions  encroached  on  this  portion  of  the  lake  basin,  and  finally 
a  fiood  of  volcanic  ash  and  mud  was  carried  entirely  across  the  depres- 
sion, forming  a  barrier  which  cut  off  the  upper  portion  of  the  lake,  raising 
its  surface  between  30  and  40  feet  above  the  surface  of  the  larger  portion 
to  the  southeast.  The  strip  of  land  separating  the  two  lakes  is  a  nearly 
perfect  plain  composed  of  partially  consolidated  volcanic  tuff. 

The  Tipitapa  river,  which  forms  the  outlet  of  lake  Managua,  crossing 
this  barrier,  has  cut  its  channel  backward  nearly  to  the  upper  lake.  It 
falls  about  13  feet  within  less  than  half  a  mile  of  the  point  where  it 
emerges  from  lake  Managua.  In  a  very  short  time,  therefore,  unless 
the  backward  cutting  of  this  stream  is  arrested,  the  level  of  lake  Managua 
will  be  lowered  to  the  extent  of  13  feet. 

The  original  outline  of  lake  Nicaragua  has  been  further  slightly  modi- 
fied by  the  recent  volcanic  eruptions  in  the  vicinity  of  Madera  and 
Ometepe,  and  perhaps  also  of  Mombacho.  The  northeast  side  of  the 
latter  volcano  appears  to  have  suffered  an  enormous  landslide,  which 
has  pushed  before  it  a  great  mass  of  earth  and  rock.  This  now  has  a 
peculiar  hummocky  surface  and  forms  a  long  point  projecting  into  the 
lake  and  a  large  number  of  small  islands. 

Wave  cutting, — The  outline  of  the  lake  has  further  been  modified  by 
the  action  of  the  waves.  The  trade  winds  produce  a  nearly  constant  surf 
on  its  west  side,  and  this  has  accomplished  considerable  erosion  at  cer- 
tain points.  The  wave  action  has  probably  cut  a  shelf  into  the  adjoin- 
ing plain  entirely  around  this  portion  of  the  lake,  the  extent  of  the  shelf 
depending  on  the  character  of  the  rocks  which  were  encountered  by  the 
waves. 

In  the  region  south  of  Madera  bold  headlands  are  formed  by  masses  of 
hard  igneous  rocks  which  tend  to  protect  the  less  resistant  rocks  between. 
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At  some  points  the  steeply  inclined  sedimentary  rocks  contain  certain 
beds  of  sandstone  which  are  much  more  resistant  than  the  mass  of  the 
formation,  and  these  form  parallel  ledges  which  extend  into  the  waters 
of  the  lake  in  some  cases  a  mile  or  more,  the  softer  rocks  between  hav- 
ing been  removed  by  the  wave  action  to  a  considerable  depth. 

Some  estimate  may  be  made  as  to  the  extent  of  the  wave-cut  terrace 
along  the  lake  shore  west  of  Ometepe  from  the  hight  of  the  cliff.  The 
Rivas  plain  has  an  average  slope  of  about  8  feet  to  the  mile,  and  it  is 
assumed  that  this  plain  ^xtends  to  the  eastward  under  the  waters  of  the 
lake.  If  it  retains  the  same  slope  a  cliff  24  feet  in  hight  would  repre- 
sent a  terrace  at  least  3  miles  broad.  It  is  probable  that  the  wave  cut 
terrace  varies  between  2  and  4  miles  along  this  portion  of  the  shore. 

From  Zapatera  northward  to  Granada  the  wave  action  is  more  efficient 
than  on  any  other  portion  of  the  lake  by  reason  of  the  greater  sweep 
which  the  prevailing  winds  and  waves  possess.  Since  the  shore  is  here 
composed  of  only  partially  consolidated  volcanic  ash,  the  modification 
of  its  outline,  due  to  wave  action,  has  been  very  considerable.  It  is  prob- 
able that  this  action  has  severed  Zapatera  from  the  mainland,  and  that 
the  many  islands  surrounding  it  were  originally  portions  of  that  volcanic 
cone.  They  probably  represent  the  more  resistant  lavas  from  which  the 
softer  materials  have  been  washed  away. 

The  modification  of  the  northeast  shore  of  the  lake  by  wave  action 
has  been  extremely  slight.  This  portion  of  the  lake  shore  is  without  a 
beach,  and  only  rarely  is  there  any  considerable  surf;  hence  only  a  few 
l)oints  which  project  well  out  into  the  lake  show  any  effect  of  wave  action. 

The  material  eroded  by  the  waves  from  the  western  shore  has  been 
carried  north  by  the  action  of  the  waves  and  deposited  in  the  upper  end 
of  the  lake.  A  bar  has  been  built  across  the  point  of  the  lake,  enclosing 
a  broad,  shallow  lagoon  behind  it,  and  the  outlet  of  lake  Managua  has 
been  pushed  northward  by  the  sand  drift  well  toward  the  northern  margin 
of  the  valley. 

AUuvialion. — The  third  way  in  which  the  outline  of  the  lake  has  been 
modified  is  by  the  building  out  of  its  shores  by  material  brought  down 
by  tributary  streams.  The  effect  of  this  is  seen  almost  exclusively  along 
the  south  and  east  shores.  Elsewhere  the  constant  surf  and  consequent 
littoral  currents  have  been  sufficient  to  distribute  the  sediment  as  rapidly 
as  brought  down  by  tributary  streams,  so  that  not  only  have  no  addi- 
tions been  made  to  the  lake  shore,  but  the  new  material  added  has  not 
been  sufficient  to  compensate  for  the  wave  erosion.  When  the  waters  first 
occupied  the  depression  behind  the  barrier  to  the  northwest,  the  outline 
of  the  lake  must  have  been 'quite  irregular,  since  it  filled  a  river  basin 
some  portions  of  which  had  rather  strong  relief.    Much  of  its  basin  occu- 
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and  yields  red  clay  as  the  final  product.  On  the  west  side  alternate  wet 
and  dry  seasons  aflfbrd  less  favorable  conditions  for  rock  decay,  and  the 
final  product  ;s  blue  clay. 

6.  In  early  Tertiary  (Oligocene)  time  there  was  probably  free  commu- 
nication across  this  portion  of  the  isthmus  between  the  Atlantic  and  the 
Pacific.  A  great  mass  of  sediments  was  deposited  in  a  shallow  sea  and 
many  volcanoes  were  in  active  eruption. 

7.  In  middle  Tertiary  time  the  region  was  elevated  and  subjected  to 
long  continued  subaerial  degradation,  and  the  narrower  portion  of  the 
isthmus  was  reduced  to  a  peneplain,  with  monadnocks  at  the  divide  near 
the  axis.  There  is  no  evidence  that  open  communication  has  existe«{ 
between  the  two  oceans  across  this  portion  of  the  isthmus  since  the  middle 
Tertiary  uplift. 

8.  In  post-Tertiary  time  the  region  was  again  elevated  and  the  pre- 
viously developed  peneplain  deeply  trenched. 

9.  A  recent  slight  subsidence  has  drowned  the  lower  courses  of  the 
river  valleys,  and  the  estuaries  thus  formed  have  subsequently  been 
filled  with  alluviardeposits. 

10.  Recent  volcanic  eruptions  have  formed  a  barrier  across  the  outlet 
of  a  bay  which  formerly  indented  the  Pacific  coast.  The  waters  rose 
behind  this  barrier  until  they  reached  the  level  of  a  low  gap  in  the  Con- 
tinental divide,  when  they  discharged  to  the  eastward,  and  the  divide 
was  shifted  to  the  newly  formed  land  near  the  Pacific  coast.  I^kes 
Managua  and  Nicaragua  thus  occupy  the  bed  of  the  former  bay  and  the 
basins  of  rivers  which  were  tributary  to  it. 
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Introduction 


Lying  on  the  latest  glacial  till  in  eastern  Minnesota  are  found  different 
varieties  of  eolian  deposits,  such  as  lag  gravels,  dune  sands,  and  loess. 
The  last  named  material  lies  on  the  higher  lands,  which  are  usually 
the  thicker  morainic  accumulations,  and  is  rarely  more  than  from  a  few 
inches  to  one  or  two  feet  in  thickness.  On  the  other  hand,  considerable 
formations  of  dune  sands  and  associated  lag  gravels  lie  on  the  leeward 
Bide  of  the  streams. 

Earlier  Recognition  of  Eolian  Deposits 

These  deposits  are  frequent  not  only  in  eastern  Minnesota  but  in  the 
bordering  districts  of  adjacent  states.     Inasmuch  as  no  descriptions  are 
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seen  of  such  accumulations,  the  inference  is  that  they  have  been  regarded 
by  the  many  glacial ifets  who  have  worked  in  this  region  as  glacial  in 
origin  and  therefore  described  as  modified  drift;  that  is,  as  a  water  de- 
posit rather  than  dune  sands  of  eolian  origin.  One  excei)tional  ca.«e  i? 
the  description  by  Warren  Uphani  *  of  an  area  of  dune  sand  where  the 
sand  is  still  shifted  by  the  wind  and  the  nature  of  the  deposit  is  for  that 
reason  unmistakable.  The  area  referred  tois  in  Anoka  county,  from  1- 
to  15  miles  north  of  Minneapolis.     The  description  is  as  follows: 

"  Dunee  of  sand,  gathered  from  the  modified  drift  by  the  wind  and  heaped  np 
in  mounds  and  rid^ces  10  to  20  feet  high,  occur  in  the  south  part  of  sections  ^4. 
35,  and  36,  Grow,  Anoka  county.  They  are  blown  into  frequently  shifting  form*, 
like  drifts  of  snow,  and  are  too  unstable  to  give  a  foothold  to  vegetation.  It  deems 
most  probable  that  they  were  gathered  from  the  coarser  sand  and  gravel  of  the 
sm'rounding  area  soon  after  the  deposition  of  those  beds,  before  they  became  cov- 
ered and  protected  from  wind  erosion  by  grass,  buslies,  and  trees." 

This  is  doubtless  the  same  belt  of  wind-driven  sands  which  can  be  seen 
in  many  places  as  far  southeastward  as  Saint  Paul. 

One  of  the  authors  of  this  paper  lias  already  pointed  out,  although  in- 
cidentally, that  very  much  of  the  "  modified  drift "  mapped  in  eastern 
Minnesota  is  really  dune  sand,  but  not  having  traversed  the  entire  region, 
the  full  extent  of  the  dune  sand  deposits  was  unknown.f 

A.  H.  Elftman  X  has  more  recently  identified  the  same  kind  of  deposit 
in  northeastern  Minnesota.     At  one  locality — 

**are  deposits  of  unstratifled  sand  above  the  till  and  modified  drift.  These 'ie- 
positei  present  an  uneven  surface  similar  to  that  of  the  moraines.  The  material  U 
composed  entirely  of  fine  sand.  These  dune-like  hills  are  referred  to  wind  deposits 
which  are  derived  from  extensive  deposits  of  modified  drift  in  the  immediate 
vicinity.** 

Definitions  of  I^okss,  Dune  Sand,  and  Lag  Gravel 

Before  describing  some  typical  occurrences  of  this  kind  it  may  be  re- 
called that  the  recognition  of  dune  sand,  so  far  as  cited,  is  based  on 
structural  peculiarities  of  the  sand  and  its  relation  to  the  till  and  modi- 
fied drift. 

Loess,  so  far  as  here  observed,  U  an  eolian  deposit.  It  is  accumulated 
by  long  continued  winds  blowing  prevailingly  in  one  direction.  This  ac- 
counts for  its  leeward  position  wherever  found.  The  material  com  [)Osinj: 
it  undoubtedly  springs  from  glacial  deposits,  since  these  have  effectually 
covered  all  older  rock  formations  within  a  wide  region. 

♦Geology  and  Nat.  Hist.  Survey  of  Minnesota,  vol.  ii,  1888,  p.  418. 

fF.  W.  Sardesou  :  On  glacial  deposits  in  the  driftless  area.  American  Geologisit,  vol.  xx,  v\\ 
392-i()3. 

JThe  geology  of  the  Keweenawan  urea  in  northeastern  Minnesota,  pt.  1.  American  Geologist. 
vol.  xxi,  pp.  90-109. 
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Dune  sand  is  the  wind-blown  sand  of  much  coarser  texture  than  the 
loess.  Its  coarser  particles  are  pushed  along  the  ground,  while  the  finer 
form  clouds  of  dust  in  the  air  which  settle  rapidly  or  slowly,  near  to  or 
retnote  from  the  source  of  supply,  according  to  the  force  of  the  wind  and 
the  size  of  the  particles  suspended. 

Lag  gravel  is  the  coarser  material  of  worn  or  subangular  habit  which 
moves  heavily  along  the  ground,  pushed  by  violent  winds  through  short 
distances.  This  material  sustains  the  same  relation  to  the  dune  sands 
as  the  latter  do  to  loess.  Hence  we  have  in  these  three  characteristic 
accumulations  three  different  phases  of  eolian  deposits,  comparable  in 
their  several  relations  to  each  other  to  three  characteristic  accumula- 
tions under  water,  namely,  gravel  sand,  and  clay. 

The  identification  of  the  eolian  deposits  therefore  depends  on  skill 
in  distinguishing  between  wind  deposits  and  water  deposits. 

LOESS 
GENERAL  CHARACTERISTICS  OF  MINNESOTA  LOESS 

The  loess  as  a  deposit  in  this  region  is  never  more  than  a  thin  veneer 
seen  occasionally  on  the  higher  hills.  It  is  therefore  scarcely  a  typical 
loess,  since  being  near  the  surface  the  humic  acids  have  from  the  time  it 
was  laid  down  had  ready  access  to  it.  The  deposit  in  most  places  has 
been  entirely  reduced  or  exists  in  the  soil  only.  When  two  or  three  feet 
thick,  as  it  sometimes  is,  it  is  distinguishable  from  the  till  only  on  close 
inspection,  the  slight  differences  in  color  and  composition  needing  the 
additional  presence  of  pebbles  in  the  till  and  a  stratified  arrangement 
when  "modified  "  to  make  discrimination  easy.  Whenever  it  occurs  in 
thinner  layers  there  is  but  little  material  that  can  be  distinguished  from 
the  associated  soil.  The  wind-borne  dust  was  not  deposited  rapidly 
enough  to  produce  deep  and  widespread  beds  of  loess. 

LOESS  IN  SAINT  PA  UL 

As  a  typical  locality  a  bed  of  loess  in  Saint  Paul  is  shown  on  plate  33, 
figure  1,  and  briefly  described.  It  is  one  of  many  such  thin  layers  to  be 
seen  throughout  the  eastern  portion  of  the  state.  On  Como  avenue,  near 
the  Como-Harriet  interurban  electric  railroad,  is  an  exposure  showing 
the  following  sequence  downward  : 

1.  Dark  colored  soil  from  4  to  8  inches  in  thickness,  supporting  the  usual  amount 
of  vegetation. 

2.  Loesa  of  alight  pinkish  gray  color,  wholly  without  stratification,  fine  and  non- 
indurated  in  texture.  Its  thickness  varies  from  2  to  3  feet.  It  is  distinguished  from 
the  till  by  the  entire  absence  of  pebbles  or  layers  of  sand. 

3.  Clayey  till.  For  5  feet  of  its  thickness  this  layer  is  a  fair  quality  of  clay,  but 
it  gives  place  down  ward' to  a  bed  of  gravelly  till. 
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The  horizontal  distribution  of  this  bed  of  loess  can  not  so  ea&ily  be 
measured.  With  many  interruptions,  it  probably  extends  over  a  con- 
siderable portion  of  the  Saint  Paul  lake  area  outlined  by  Dpham.* 

Another  locality  in  Saint  Paul  is  near  the  new  state  capitol  now  under 
construction.  On  the  top  of  a  pure  gravel  bed  or  accumulation  of  modi- 
fied drift  30  or  more  feet  thick  lies  a  bed  of  loess  3  feet  and  more  in  thick- 
ness. It  is  characterized  by  its  clayey  consistency,  and  this  is  easily  dis- 
tinguished from  the  dune  sand  deposits,  which  are  much  more  frequent. 

ORIGIN  OF  THE  LOESS 

The  problem  of  the  origin  of  the  material  of  the  loess  of  eastern  Minne- 
sota is  not  further  attacked.  Its  blanket-like  distribution,  its  evanescent 
relations  to  the  soil  above  and  the  undoubted  water  or  ice  deposit  below 
strongly  suggest  that  the  material  springs  from  the  finely  subdivided 
glacial  debris  which  was  comminuted  and  scattered  during  the  periods  of 
the  successive  ice  invasions. 

Touching  the  further  question  of  evidence  that  the  loess  is  of  eolian 
rather  than  aqueous  origin,  the  following  points  only  can  be  summarily 
stated  :  1.  The  loess  does  not  occur  in  any  of  the  thousands  of  Minnesota 
lakes,  existing  and  extinct,  whose  deposits  have  been  dissected.  2.  It 
does  occur  on  the  higher  levels  of  the  glacial  drift.  3.  When  in  relation 
with  the  dune  sands  it  is  found  higher  than  they,  whereas  as  a  water 
deposit  it  should  be  lower — that  is,  farther  from  the  shoreline  of  deposi- 
tion. 4.  It  is  frequently  liable  to  carry  loam  within  it,  thus  pointing  to 
zones  of  vegetation. t 

Dune  Sand 

explanation  of  its  conspicuousness 

The  dune  sand  is  a  much  more  conspicuous  accumulation  than  is  the 
loess.  The  nature  of  the  material  explains  this  fact.  It  is  due  not  only 
to  its  coarseness  and  other  physically  resistant  qualities  as  a  rock,  but 
also  to  its  greater  capacity  to  resist  the  corroding  and  dissolving  proper- 
ties constituent  in  and  derived  from  soils.  From  the  scores  of  localities 
where  it  can  easily  be  seen  the  following  are  cited  : 

SNA  KE  RI VER  VA  L  LE  Y 

Plfie  City. — An  interesting  exposure  of  dune  sand  occurs  at  Pine  City, 
Pine  county,  Minnesota  J  (see  plate  34).     At  this  point  Cross  lake  forms 


'  ♦  Warren  IT pham  :  Modified  drift  in  Saint  Puul,  Minnj^sota.  Bull.  Geol.  Soc.  Am.,  vol.  8,  pp.  183-19<>. 

fConipare  F.  W.  Sardeson  :  What  in  the  loeas?    Amer.  Jour.  Soi.,  1899,  vol.  vii,  pp.  58-«0. 

X  This  is  also  a  spot  of  historic  interest.  In  one  of  the  severe  battles  fouglii  in  the  oarly  years. 
of  the  century  between  the  rhippewa  and  Sioux  Indians  the  former  took  advantage  of  the  eb^ 
VHted  .situation  and  soft  fine  sand  of  this  duno  .sand  plain  to  build  entrenchments,  in  which  they 
defended  themselves  sueeedsfully  ai^ainrii  their  onMuiios.  The  proSleJof  the  entrenchments  la 
Indicated  in  the  picture. 
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an  enlargement  of  Snake  river,  due  to  the  obstruction  presented  by  the 
reraarkable  series  of  lava  flows  of  Keweenawan  diabases,  diabase  am3'g- 
daloids,  tuffs,  and  associated  conglomerate  beds  which  begins  at  the  foot 
of  Cross  lake  and  extends  down  the  river  for  nearly  2  miles.  Along  the 
north  side  of  the  lake  the  modified  till  is  capped  by  an  unusually  deep 
and  wide  exposure  of  dune  sand. 

The  exposure  is  a  typical  one.  The  loess-sand  at  the  top  is  from  2  to 
4  feet  thick  along  a  vertical  front  facing  the  lake  for  hundreds  of  feet.  It 
is  of  fine  texture,  brownish  gray  in  color,  and  non-stratified  and  furnishes 
a  subsoil  through  which  roots  of  trees,  shrubs,  and  grasses  readily  make 
their  way.  The  color  and  texture  are  the  same  as  at  other  localities. 
Below  this  cap  of  wind-deposited  material  is  a  fine  evenly  textured  strat- 
ified sand.  This  modified  drift  is  somewhat  argillaceous  and  holds 
water  more  tenaciously  than  the  dune  sand  above  it,  thus  producing 
zones  of  springs.  It  extends  downward  at  least  to  the  water,  thus  mak- 
ing a  minimum  thickness  from  8  to  10  feet.  The  color  and  composition 
of  the  sand  are  nearly  identical  with  those  of  the  overlying  eolian  drift, 
but  the  distinction  of  stratification  in  the  former  is  sharp  and  clear. 

Other  localities  in  Snake  River  valley/. — At  the  mouth  of  Snake  river,  in 
section  36,  township  39,  range  20  west,  and  section  31,  township  39^ 
range  19  west,  lie  extensive  exposures  of  an  eolian  sand  plain.  The 
glacial  drift  consists  of  a  fine  pink  clayey  sand  somewhat  stratified  ;  the 
water  deposit  is  a  bed  of  modified  boulder  till  lying  upon  the  former. 
The  most  conspicuous  exposure  of  the  wind  deposits  of  the  locality  lie 
above  these  near  the  junction  of  the  Snake  and  Saint  Croix  rivers.  A 
high  ridge  of  modified  drift  lies  somewhat  parallel  to  the  Saint  Croix 
river  and  one-fourth  mile  distant;  this  has  been  cut  squarely  through 
by  the  Snake.  To  the  east  of  this  drift  extends  an  eolian  sand  plain, 
nearly  level  and  occupying  the  entire  triangle  between  the  ridge  and 
the  two  rivers.  The  dune  sand  composing  this  eolian  deposit  is  from  15 
inches  to  3  feet  in  thickness,  and  is  covered  with  a  heavy  vegetation. 

KETTLE  RIVEB  VALLEY 

Along  Kettle  river  are  several  interesting  exposures  of  eolian  sands. 
From  them  a  plain  in  section  32,  township  40,  range  19  west,  is  selected 
as  particularly  interesting.  Its  extent  could  not  be  determined,  owing 
to  its  lying  in  a  forest  region,  but  it  is  estimated  to  be  several  miles  long 
and  stretches  northward  and  southward  on  the  east  side  of  the  river.  In 
the  south  part  of  the  section  the  river  in  its  southward  course  strikes  a 
mass  of  hardened  Keweenawan  diabasic  tuff  and  is  deflected  squarely 
to  the  east.  Soon  a  stretch  of  the  river  is  reached  where  for  nearly  half 
a  mile  the  north  bank  has  been  freshly  cut  by  floods,  and  there  stands 
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disclosed  one  of  the  most  magnificent  exposures  of  till  and  modified  drift 
to  be  seen  in  the  State.  Its  entire  thickness  is  shown  from  the  diabai^e 
floor  to  the  eolian  sandcap. 

This  overlying  eolian  sand  varies  from  1  foot  to  3  feet  in  thickness, 
and  is  easily  distinguished  from  the  glacial  drift  on  which  it  rests  by  its 
lack  of  stratification,  pink  gray  color,  uniformity,  and  fineness  of  texture. 
Its  position  indicates  clearly  that  it  was  not  formed  by  the  river  while 
flowing  in  its  present  bed.  The  probability  is  that  it  was  accumulated 
contemporaneously  with  or  immediately  succeeding  the  glacial  deposit:? 
of  the  region. 

Along  this  same  stream  are  other  exposures.  Within  this  same  town- 
ship and  section  can  be  seen  another  view  of  the  same  sand  plain  just 
briefly  described.     It  presents  no  new  nor  varying  features. 

OTHER  LOCALITIES  IN  THIS  REGION 

At  White  Bear,  8  miles  north  of  Saint  Paul,  there  is  seen  beside  the 
tracks  of  the  Saint  Paul  and  Duluth  railroad  a  prominent  deposit  of 
wind-driven  sand.  It  is  from  2  to  4  feet  thick  at  the  point  exposeil. 
Other  places  within  the  village  and  vicinity  show  undoubted  eolian  de- 
posits, without  indicating  their  total  thickness.  From  observations  made 
it  would  appear  that  the  village  of  White  Bear  is  built  on  an  extensive 
deposit  of  dune  sand  and  loess  accumulated  before  the  present  soil  was 
formed. 

Northward  from  White  Bear,  along  the  line  of  the  same  railroad,  and 
particularly  between  the  stations  Harris  and  Rush  City,  the  fields  and 
railway  cuts  bear  the  peculiar  dune  featuras.  Along  the  line  of  the 
Eastern  Minnesota  railroad,  recently  graded,  from  Minneapolis  to  Long 
lake,  3  miles  north  of  Cambridge,  dune  sands  and  loess  sands  are  strongly 
in  evidence.  The  latter  sometimes  show  a  banding  of  finer  loessial  niii- 
terial,  which  retains  moisture  longer,  thus  showing  plainly  on  cross-sec- 
tions, particularly  after  rains.  This  material  indicates  a  tendency  to 
merge  into  **  loess-loam,"  such  as  is  occasionally  found  around  Minne- 
apolis and  Saint  Paul.  These  dune  sands  attain  a  thickness  in  some  of 
the  railway  cuts  of  from  8  to  15  feet.  Indeed,  the  underlying  till,  almost 
without  exception,  is  not  reached  in  the  whole  long  series  of  railway  cuts 
which  this  line  now  shows. 

WISCONSIN  EXPOSURES 

Within  the  Saint  Croix  River  valley,  on  the  Wisconsin  side,  the  glacial 
drift  is  generally  distributed.  Overlying  it  almost  everywhere  is  a  wind- 
drifted  covering  of  fine  unstratified  sand.  Nearly  all  the  material,  both 
the  ice,  the  water,  and  the  wind  deposits,  comes  primarily  from  the  de* 
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f^mded  pink  Cambrian  sandstone  which  underlies  the  surface  and  later 
deposits  of  the  entire  upper  Saint  Croix  River  valley,  and  for  a  consider- 
able portion  of  the  valley  overlies  the  Keeweenawan  eruptives.  A  good 
exposure  of  eoliansand  was  seen  last  autumn  at  Gran tsburg,  Wisconsin, 
where  in  recent  road  improvements  a  cut  several  feet  deep  had  been  made 
into  the  modified  till ;  overlying  this  material  was  a  bed  of  dune  sand  3 
feet  and  more  in  thickness. 

EAST  MINNEAPOLIS 

At  the  corner  of  Tenth  avenue  southeast  and  Como  avenue,  Minne- 
apolis, is  an  exposure  of  special  interest.  The  section  of  Glacial  and 
post-Glacial  succession  is  as  follows,  in  descending  order: 

1.  A  bed  of  Minnesota  slough  peat  with  a  thin  layer  of  soil  and  vegetation. cov- 
ering it.  The  peat  is  fairly  pure  save  in  the  local  segregations  of  gray  material 
which  consist  of  a  mixture  of  peat  and  corroded  and  crumbling  molluscan  shells 
chiefly  of  gasteropods.  These  segregations  are  due  either  to  the  occurrence  of 
colonies  of  moUuscan  forms  which  were  located  at  these  spots,  or  to  the  driving 
together  of  large  numbers  of  abandoned  shells  by  wind  action,  as  is  often  seen  in 
the  lakes  of  Minnesota  at  the  present  time.  The  peat  layer  varies  from  a  few 
inches  to  2 J  feet  in  thickness. 

2.  Lying  directly  beneath  the  peat  and  quite  sharply  separated  from  it  is  a  layer 
of  dune  sand.  The  color  of  this  sand  is  a  light  gray  with  a  somewhat  pinkish  tint ; 
its  texture  is  fine  and  even ;  structurally  it  has  no  trace  of  stratification  whatever,  so 
far  as  can  be  seen.  It  carries  no  fossils,  while  the  peat  above  it  has  many.  The 
dune  sand  layer  varies  in  thickness  from  6  feet  down  to  complete  disappearance; 
it  is  about  2  feet  thick  where  the  peat  now  lies  heaviest  on  it.  It  contains,  wher- 
ever the  exposures  i)ermit  examination,  many  decayed  roots  or  canals  which  once 
were  filled  with  roots.  Decomposition  has  gone  so  far  that  it  is  impossible  to 
identify  the  plant  forms. 

3.  Next  in  downward  succession  is  a  layer  of  soil ;  it  is  a  sandy  loam  and  varies 
in  thickness  from  1  to  2  feet.  The  dark  color,  which  characterizes  it  and  plainly 
marks  it  off  from  the  overlying  dune  sand  and  the  underlying  modified  till,  plainly 
is  due  to  the  intermingled  vegetable  debris.  This  soil,  like  the  eolian  sand  above 
it,  is  thickly  penetrated  by  many  small  roots  having  a  prevailingly  vertical  direc- 
tion. Their  presence  indicates  a  subsequent  vegetation.  The  contact  of  this  soil 
layer  on  the  modified  drift  beneath  it  is  decidedly  irregular.  Tubes  of  soil  extend 
downward  from  1  to  2  feet  as  if  the  soil  had  become  packed  into  rodent  burrows; 
again,  charges  of  sand  seem  thrust  upward,  almost  or  quite  reaching  the  dune  sand 
laver. 

4.  Below  layer  3  lies  the  characteristic  modified  drift  which,  so  far  as  known, 
extends  downward  to  the  glaciated  surface  of  the  Trenton  limestone,  probably  not 
less  than  30  feet.  Locally  it  is  beautifully  cross-bedded  and  occasionally  a  large 
l>oulder  is  seen. 

The  locality  just  described  is  apparently  a  mound.  Standing  on  its 
top,  other  mounds  can  be  seen  in  either  direction,  southeast  or  north- 
west.    In  the  latter  direction  the  dune-like  elevations  extend  for  miles. 
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The  Grow  dunes  mentioned  by  Upham  ^  are  in  all  probability  simply 
occurrences  in  the  same  ridge  or  series  of  ridges  skirting  the  Mississippi 
valley  along  its  northeast  side — that  is,  where  the  prevailing  west  and 
southwest  winds  would  deposit  their  load  of  sand  and  dust  picked  up 
from  the  river  and  its  numerous  sand  flats.  The  mounds  of  sand  which 
can  be  followed  still  farther  northwestward  than  the  district  around 
Princeton  are  believed  to  belong  to  the  same  belt  and  owe  their  origin 
to  the  same  causes.  They  extend  as  far  north  as  Brainerd,  60  miles 
farther  from  Minneapolis  than  is  Princeton. 

SAINT  ANTHONY  HILL  AND  THE  UNIVERSITY  CAMPUS 

The  old  Saint  Anthony  hill,  once  a  landmark  standing  over  Saint  An- 
thony falls,  now  nearly  leveled  in  the  grading  of  the  city,  consists  of  a 
sand  dune  10  to  12  feet  high  built  upon  a  mound  of  glacial  debris.    The 
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FiGUEK  \.—Steiion  of  Olaeial  and  poat-Olaeial  Deponts. 

The  locality  is  the  railroad  cut  south  of  the  University  campus.  Number  I  is  regarded  &«  dune 
sand  bearing  soil  6  feet  in  thickness ;  2,  gravel  with  lag  gravel  in  the  top ;  3,  4,  and  6,  varioii.o 
phases  of  the  Qtacial  drift.    After  N.  H.  Winchell. 


height  of  its  summit  above  the  Mississippi  river  at  the  crest  of  the  falls 
must  have  been  at  least  50  feet.  During  the  past  year  excavations  have 
been  made  which  have  exhibited  in  striking  profiles  sections  of  this 
great  thickness  of  dune  sand. 

*  Warren  Upham  :  Modilied  drift  in  Saint  Paul,  Minnesota.    Bull.  Oeol.  Soc.  Am.,  vol.  8,  pp.  1S3- 
196. 
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On  the  campus  of  the  University  of  Minnesota  20  years  ago  dunes  of 
sand  drifted  about  to  such  an  extent  that  the  driveways  were  contin- 
ually changed  during  the  summer  season  by  the  efiforts  of  the  teamsters 
to  drive  around  the  accumulating  sand  piles.  On  the  opposite  side  of 
the  street,  along  the  south  side  of  the  campus,  a  railway  cut  was  made 
some  years  ago.  Professor  N.  H.  Winchell  has  published  quite  a  de- 
tailed description  of  the  glacial  drift  profiled  at  that  time.*  From  this 
description  it  would  appear  that  the  dune  sand  reached  a  thickness  in 
one  spot  of  5  feet.  This  was  650  feet  east  of  the  brink  of  the  river  gorge 
(see  figure  1).  At  550  feet  from  the  river  the  "  loam,  sandy,  not  dis- 
tinctly stratified,  alluvial "  deposit  was  4  feet,  and  at  350  feet  from  the 
river  the  "  alluvial,  sandy  loam  "  was  only  3  feet  in  thickness.  Figure 
2,  plate  33,  shows  this  same  depositin  a  neighboring  exposure. 

The  process  of  dune-making  is  apparently  the  same  now  as  it  was 
hundreds  of  years  ago,  before  the  Minneapolis  peat  bed  began  to  form. 

RELATION  OF  DUNE  SANDS  TO  TERRACE  ORA  VELS 

It  has  been  possible  also  to  establish  another  line  of  proof  of  the  nature 
of  the  dune  sands  based  on  a  discovered  relation  between  them*  and 
Mississippi  river  sands  and  gravels.  As  has  just  been  described,  the 
campus  of  the  University  of  Minnesota  is  underlaid  by  several  feet  of 
fine,  loose,  unstratified  sand.  This  sand  rests  upon  gravel,  and  this  in 
turn  upon  the  till.f  The  uppermost  layer  in  this  section  is  dune  sand. 
Its  relation  to  the  post-Glacial  river  gravels  of  the  Mis3is8ippi  can  be 
seen  near  by  in  a  way  to  furnish  proof  of  the  eolian  nature  of  the  sand 
deposit.  At  the  foot  of  Pleasant  street,  southeast  Minneapolis,  only  a  few  * 
blocks  away  from  the  campus,  is  the  spot  referred  to.  This  is  opposite 
the  old  landing  which  marks  the  exact  head  of  navigation  of  the  river. 
Here  still  remains  a  part  of  the  river  channel,  which  was  formed  before 
Saint  Anthony  falls  existed  at  this  point.  The  position  of  the  falls  is 
now  one  and  one-half  miles  above  this  point.  The  old  channel  and  the 
gravel  deposit  now  lying  within  it  must  be  several  thousand  years  old  ; 
at  all  events,  older  than  the  time  when  the  falls  had  reached  this  point 
in  their  retreat.  The  old  channel  mentioned  is  cut  a  little  into  the  blue 
limestone  layer,  which  in  south  Minneapolis  is  about  12  feet  thick.  It 
is  probable  that  this  channel  was  al)andoned  by  the  river  while  the  falls 
were  yet  some  distance  farther  down  the  stream.  The  now  existing  Saint 
Anthony  falls  are  approached  through  a  channel  cut  into  this  same  bed 
of  ))lue  limestone,  and  the  crest  of  the  falls  is  over  the  underlying  socalled 


♦fieological  and  Natural  Hi.story  Survey  of  Minncsotii,  Finul  Report,  vol.  ii,  lS^H,  fhap.  xi.    The 
jft'ology  of  JlennepiQ  county,  pp.  2{)7-29<),  fiK8.  17,  18,  15»,  ami  tlieir  «i«»fleriptions. 
t<'ompare  also  N.  H.  WincheH's  figures,  loo.  cit. 

LI— Bull.  Geol.  Soc.  Am.,  Vol.  10,  1898 
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buff  limestone  bed.  Therefore  in  the  retreat  of  the  falls  the  lowermost 
or  buff  limestone  blocks  alone  are  piled  in  the  bed  of  the  river.  Tlie 
same  character  of  river  debris  continues  from  the  present  falls  to  and 
beyond  the  point  where  the  ancient  river  gravels  under  discussion  now 
lie,  and  it  is  believed  for  that  reason  that  the  condition  of  the  falls  has 
long  been  the  same,  and,  further,  that  the  falls  were  far  below  this  point 
at  the  time  the  ancient  channel  was  abandoned,  leaving  the  gravels  which 
are  now  found  in  place. 

The  old  channel  or  part  of  a  channel  borders  the  northeastern  cr^t  of 
the  present  river  gorge.     Beyond  the  crest  is  the  terrace  which  was  once 
the  river  bank ;  still  beyond  that  is  seen  a  higher  and  [)robably  "  glacial " 
river  terrace.    The  channel  and  lower  terrace  are  now  cut  across  ob- 
liquely by  a  stone  quarry,  and  the  succession  of  deposits  above  the  lime- 
stone is  well  exposed  (see  plate  33,  figure  3).   There  is  seen  a  gravel  derived 
from  the  drift  and  bearing  numerous  fossil  shells  identical  with  those 
now  found  in  Minnesota  lakes  and  rivers,  namely,  Paludina,  Limiueu^^ 
Sphdsrium,  and  Unio,    The  gravel  is  about  two  feet  deep,  yet  varying, 
and  rests  directly  on  the  limestone  bed  of  the  then  channel.    Traced  up 
the  terrace,  till  is  found  gradually  to  intervene  between  the  gravel  and 
the  limestone.     The  gravel  rises  on  the  surface  of  the  15-foot  bank  or 
terrace  of  till  and  merges  into  a  lag  gravel  of  less  thickness  lying  on  an 
eroded  till  surface.     The  shells  which  have  been  named  occur  half  wav 
up  the  sloping  bank — that  is,  about  8  feet  above  the  floor  of  the  channel. 

On  the  gravel  in  the  old  channel  rests  one  foot  or  less  of  partly  strati- 
fied sand  with  fragments  of  shells.  This  sand  graduates  up  the  terrace 
%  into  a  dune  sand  3  or  more  feet  thick,  as  now  seen,  which  extends  far- 
ther over  the  adjoining  plain  and  northwestwardly  many  miles.  Over 
the  sand  in  the  channel  at  the  foot  of  the  terrace  there  lies  a  bed  of  peat 
of  impure  composition  and  varying  texture,  from  3  to  4  feet  thick.  The 
peat  thins  out  as  it  rises  the  slope  and  merges  into  the  soil  of  the  plain. 

In  this  section  is  seen  sufficient  evidence  to  prove  that  the  Mississippi 
river  existed  as  such  when  the  sands  on  the  plain  were  being  deposited. 
It  had  already  formed  a  narrowed  channel  and  flood-plain  like  those 
which  now  obtain  above  Saint  Anthony  falls.  The  shells  abundantly 
scattered  through  the  river  gravel  and  up  the  side  of  the  terrace  show 
the  extent  and  height  of  the  river's  domain  at  the  time  the  shells  were 
inhabited;  at  least,  they  prove  the  molluscan  fauna  to  have  been  here 
before  the  falls  of  Saint  Anthony  had  reached  Minnea[)olis,  and  give 
special  import  to  the  total  absence  of  like  shells  in  the  gravels  and  sands 
of  the  plain.  Had  these  deposits  above  the  bank  or  terrace  been  found 
within  the  river's  flood-plain  they  should  bear  shells  up  to  and  espe- 
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cially  along  the  limit  of  the  highest  flood  line.  Further,  the  same  struct- 
ural differences  are  seen  between  the  river  sand  and  the  dune  sand  on 
the  bank  or  terrace  as  are  commonly  seea  between  modified  drift  and 
dune  sands  throughout  this  region. 

TIME  OF  FORMATION  OF  DUNE  SANDS 

The  time  when  these  dune  sands  accumulated  can  not  be  exactly  de- 
termined, although  whenever  the  revision  of  the  Saint  Anthony  Falls 
recession  shall  be  undertaken  their  comparative  age  may  be  quite  exactly 
defined.  No  further  estimate  will  now  be  attempted  than  this :  The  falls, 
w  hich  have  receded  about  8  miles  since  Glacial  time  in  tliis  region,  had 
not  begun  the  last  fourth  of  their  now  accomplished  work  at  a  time 
when  the  dune  sands  were  comparatively  as  now.  They  have  doubtless 
been  drifting  ever  since  the  time  of  the  glacial  retreat  from  this  area. 

Lag  Gravels 

As  will  be  seen  from  the  foregoing  statement,  lag  gravels  *  frequently 
occur  on  the  till  and  modified  drift.  The  pebbles  composing  them  are 
derived  from  the  drift  and  are  distinguishable  from  their  association  on 
the  drift,  and  more  often  from  their  smoothly  polished  surfaces — espe- 
cially upper  surfaces,  which  are  quite  evidently  planed  by  wind-driven 
sand. 

Summary 

Loess  is  found  as  a  thin  veneer  widely  distributed  throughout  eastern 
Minnesota.  It  lies  on  many  of  the  drift  hills  and  plains,  but  its  accu- 
mulation was  seemingly  too  slow  for  the  formation  of  *' bluff  loess;  " 
hence  it  appears  as  "loess-loam." 

The  contemporaneous  dune  sands  are  far  more  abundant  than  tlie 
loesa;  they  are  widely  distributed,  typical  exposures  being  described 
from  separated  localities,  as  Minneapolis,  Pine  City,  and  the  banks  of 
Kettle  river.  Deposits  equally  well  marked  and  extensive  are  seen  in 
adjoining  Wisconsin. 

lAg  gravels  are  noted  in  a  few  localities,  as  Minneapolis.  These  de- 
posits are  recognized  by  their  position  at  the  top  of  the  unmodified  and 
modified  till  and  their  content  of  pebbles  with  polished  upward  lying 
surfaces. 

These  eolian  deposits  are  always  distinguishable  from  the  drift  material 

*.I.  A.  [Jdden  :  The  mechanical  componition  of  wind  deposits.    Aiigustann  Library  Publicationn, 
no.  1,  1898,  p.  7. 
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by  their  Rupeijacent  position 
which  also  determines  their 
relative  SL^e,    Their  relation 
to    fluviatile    post -Glacial 
deposits   is  that  of  a  con- 
temporary.    At  Minneapo- 
lis the  fossiliferous  gravel, 
stratified  sand,  and  marsh 
peat  of  an  ancient  Missi;;- 
sippi    River   channel   were 
formed   contemporaneously 
with   the  lag   gravels    and 
dune   sands   lying  on   the 
terrace  which  was  the  bank 
of   the  river  prior  to    the 
time  when  Saint  Anthony 
falls  were  situated  one  and 
one-half  miles  below  their 
present  position.    The  rela- 
tion of  the  eolian  deposits  to 
the  fluviatile  and  these  in 
turn  to  the  glacial  drift  is 
evidence    that    the    river's 
domain   at   that  time  was 
within  a  channel,  and,  fur- 
ther, that  the  earlier  formed 
terraces  were  neither  a  lake 
accumulation  nor  a  glacial 
river  product.    Incidentally 
the    accompanying   section 
(figure  2)   shows  that  the 
Mississippi  river  has  done 
an  amount  of  work  in  addi- 
tion to  the-  cutting  of  the 
gorge  in  which  it  now  flows, 
on  which  cutting  estimates 
of  the  length  of  post-Glacial 
time  as  determined  by  the 
Mississippi  river  are  often 
based. 
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Outline  of  the  Geology  of  the  Area  discussed 

The  area  of  crystalline  rocks  which  stretches  along  the  north  shore  of 
Ix)ng  Island  sound  from  Narragansett  bay  to  the  New  Haven  Triassic  em- 
bayment  has  received  almost  no  geological  study  since  the  state  svirvey 
of  0.  T.  Jackson,*  in  1840,  in  Rhode  Island,  and  that  of  J.  G.  Percival,t 
in  1842,  in  Connecticut.  To  the  eastward,  the  region  of  Carboniferous 
and  Cambrian  strata  around  Narragansett  bay  has  been  quite  fully  de- 
scribed; to  the  northward,  the  central  portion  of  Massachusetts  has 
been  shown  to  consist  largely  of  altered  Cambrian  sediments,  now  in  the 
form  of  gneisses,  and  to  the  northwest  and  west,  the  Triassic  and  meta- 
morphosed Cambro-Silurian  strata  have  received  detailed  attention,  but 
the  triangular  area  forming  central  Connecticut,  with  its  base  on  Ix)ng 
Island  sound,  remains  almost  entirely  for  the  future.  The  rocks  are 
prevailingly  granitoid  gneisses,  presumably  of  Archean  age.  They  are 
penetrated  by  intrusions  of  granite,  of  unknown  age,  which,  with  their 
attendant  pegmatites  in  the  shore  district,  are  the  subject  of  the  present 
contribution. 

The  western  shore  of  Narragansett  bay  is  formed  of  Paleozoic  schists 
and  granite  where  the  rocks  are  not  concealed  by  glacial  deposits,  but  a 
mile  or  two  to  the  west,  in  the  ridge  of  Tower  and  McSparren  hills,  the 
gneisses  appear  and  continue  without  a  break,  except  for  the  intrude<l 
granites,  until  the  red  shales  and  sandstones  of  the  Triassic  are  met,  a  few 
miles  east  of  New  Haven.  The  east  and  west  distance  is  about  100  miles. 
The  topography  is  of  a  pronounced  glaciated  type.  I^ow,  rounded  ridges 
and  knobs  of  rock  project  through  the  mantle  of  drift,  and  afford  the 
exposures  on  which  one  must  base  the  study  of  the  hard  geology.  Along 
the  shore  the  drift  often  conceals  all  outcrops  of  rock  for  miles  at  a  time, 
but  especially  in  Rhode  Island  it  gives  some  compensation  for  this  by 
presenting  some  of  the  finest  examples  of  morainal  hillocks  and  glacial 
dumping  grounds  in  the  east.  Between  the  hillocks  are  the  usual  small 
ponds.     In  Connecticut  the  morainal  hillocks  are  much  less  pronounced 

and  abundant,  but,  on  the  contrary,  narrow  rocky  points  run  out  into 

^ . t 

*(.\  T.  Jackson :  Rpport  on  th«  (ieol,  and  ARric.  Survey  of  Rhode  Island.    Providence,  IMO. 
fJ.  G.  Peroivul :  Report  on  the  geolof^y  of  the  state  of  Connectient.    New  Haven,  184?. 
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the  Sound,  with  stretches  of  salt  marsh  and  meadow  between  them.*  The 
coast  is  plainly  one  that  has  been  drowned  by  recent  submei^ence. 
Several  of  the  rocky  points  contain  intrusions  of  granite,  which  furnish 
material  for  quite  an  important  quarry  industry. 

The  gneisses  are  with  few  exceptions  granitic  in  composition,  and 
mineralogically  are  very  similar  to  the  massive  granites.  They  contain, 
however,  noticeably  more  of  the  dark  silicates  than  do  the  latter.  The 
chief  component  minerals  are  quartz,  orthoclase,  microcline,  rather  acid 
plagioclase,  and  biotite.  The  biotite  is  of  a  greenish  brown  color,  and 
hiv)  the  characteristic  strong  pleochroism.  Magnetite,  apatite,  and  zircon, 
the  usual  accessories  in  such  rocks,  are  not  lacking.  In  one  or  two  in- 
stances garnet  has  been  observed.  Mechanical  deformations  are  very 
widespread,  and  are  often  of  an  extremely  pronounced  character.  The 
quartz  and  feldspars  are  crushed  and  granulated,  and  the  biotite  is  rubbed 
out  into  long  strips  and  bent  and  bowed  in  a  striking  manner.  The  folia- 
tion is  always  pronounced,  and  it  may  at  times  almost  reach  the  extreme 
of  a  schist. 

On  Kingston  hill,  Rhode  Island,  in  the  ridge  on  which  is  located  the 
village  of  Kingston,  the  gneiss  contains  many  augen  of  feldspar,  and  is 
of  a  marked  augen  variety.  It  is  so  characteristic  that  it  may  be  called 
the  Kingston  type  of  gneiss  in  distinction  from  that  of  the  remainder  of 
the  area.  There  is  little  doubt  that  it  is  a  sheared  porphyritic  granite, 
hut  there  may  have  been  considerable  recrystallization  of  the  material 
during  metamorphism.  The  Kingston  type  of  gneiss  is  well  exposed  in 
the  quarries  of  the  Rhode  Island  College  of  Agriculture  and  Mechanic 
Arts. 

In  a  gneiss  that  forms  the  wall-rock  of  the  granite  in  the  east  quarry  of 
the  Smith  Company,  at  Westerly,  considerable  hornblende  was  observed 
along  with  biotite,  and  the  same  mineral  has  been  noted  in  exposures 
eixai  of  Chapman  pond.  Westerly,  Rhode  Island,  and  at  Clinton,  Madison, 
and  Rocky  point  just  west  of  Niantic,  all  in  Connecticut.  Abundant 
quartz  and  feldspar  were  also  present,  so  that  the  rock  is  essentially 
granitic  in  its  mineralogy,  and  quite  different  from  the  basic  hornblendic 
gneisses  to  be  presently  described. 

An  average  hand-specimen  of  the  biotite-granite-gneiss  was  selected 
and  its  specific  gravity  was  determined  to  be  2.704,  a  value  about  0.05 
to  0.07  above  the  ranges  of  the  massive  granites  and  due  to  the  relatively 
greater  abundance  of  biotite. 

At  somewhat  rare  intervals  throughout  the  gneissic  area  bands  of 
basic  hornblende  gneiss  or  amphibolite  are  found  interfoliated  with  the 

*  Compare  in  thii  connection  J.  D.  Dana  :  On  the  geology  of  the  New  Haven  region,  with  apecial 
reference  to  the  origin  of  some  of  its  topographical  features.  Tran».  Connecticut  Acad,  of  Arts 
and  Sciences,  rol.  ii,  1870,  p.  45. 


364  J.  F.  KEMP — GRANITES   OF    ATLANTIC   COAST 

granitic  gneisses  and  strongly  contrasted  with  them.  They  occur  at 
several  points  in  the  township  of  Westerly,  Rhode  Island,  in  its  north- 
ern portion.  One  of  them  is  illustrated  in  ])late  38,  figure  2.  A  good 
exposure  is  shown  in  the  village  of  Stonington,  Connecticut,  where  the 
eastern  branch  track  to  the  steamboat  landing  leaves  the  main  Hue. 
Another  one  occurs  in  the  railroad  cuts  between  Stony  creek,  Connecti- 
cut, and  Leets  island.  Additional  occurrences  are  noted  by  Percival  in 
still  other  places. 

In  thin-section  it  is  seen  that  hornblende  of  a  greenish  brown  color 
makes  up  half  the  rock  or  more.  A  little  biotite  may  accompany  it. 
The  prevailing  feldspar  is  plagioclase,  but  orthoclase  and  even  a  little 
quartz  are  not  entirely  lacking.  Titanite  is  a  frequent  and  characteristic 
accessory.  Magnetite  and  apatite  do  not  fail.  The  exposure  near 
Stony  creek  contains  garnets  that  are  full  of  inclusions.  These  rocks 
have  a  pronounced  foliation,  and  whether  they  are  considered  basic 
segregations  in  the  original,  more  acidic  magma  that  has  yielded  the 
granitic  rocks  from  which  the  prevailing  gneisses  have  been  derived,  or 
whether  they  are  regarded  as  later  basic  intrusions  or  some  still  different 
original,  certain  it  is  that  they  have  passed  through  the  same  dynamic 
metamorphism  as  the  gneisses.  Their  chief  interest  lies  in  the  fact  that 
they  are  met  as  inclusions  in  the  massive  granites  and  are  one  of  the 
most  signiQcant  phenomena  connected  with  them. 

The  strike  of  the  gneisses  varies  more  or  less,  but  it  is  prevailingly 
northeast  or  northwest. 

The  Granites 
distbib  vtion 

The  several  places  described  in  the  following  pages  are  shown  on  the 
map,  plate  35,  Intrusive  granites  have  long  been  known  and  recorded 
on  Newport  neck  and  Conanicut  island,  Rhode  Isl£knd.  The  latter  oc- 
currence has  been  most  fully  described  by  Pirsson,*  who  regards  the 
granite  as  intrusive  in  Carboniferous  slates,  in  which  it' has  developed 
some  very  interesting  contact  zones.  The  granite  is  a  coarse  porphy- 
ritic  variety  and  contains  quartz,  orthoclase,  oligoclase,  titanite,  mag- 
netite, zircon,  apatite  and  secondary  chlorite,  epidote,  sericite,  and  cal- 
cite.  It  is  so  badly  altered  that  the  original  ferro-magnesian  mineral 
could  not  be  identified  with  certainty,  but  it  was  presumably  biotite, 
with  the  possibility  that  some  hornblende  was  also  present.  A  chem- 
ical analysis  yielded  the  following  results  : 

SiOj      TiOj      AljOj     FejO,     FeO      MnO     MjcO      CaO      NajO      KfO      HjO    Sp.gr.    Total 
71.23    0.21     13.64    1.70     1.00    0.05    0.75    2.31     3.55    3.79    1.72    2.69    99.95 


•  L.  v.  Pirsaon :  On  the  geology  aud  pvtrography  of  Coaanicut  island,  Rhode  [stand.    Amer- 
Jour.  Sci.,  November,  1893,  p.  363. 
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Several  narrow  dikes  of  niinette  accompany  the  granite,  which  are,  so 
far  as  known  to  the  writer,  the  only  basic  dikes  yet  discovered  along  the 
Rhode  Island  and  Connecticut  coast  east  of  the  Triassic  traps  and  ex- 
clusive of  the  peridotite  of  Iron  Mine  hill,  Cumberland. 

Almost  exactly  the  same  area  and  phenomena  as  those  described  by 
Pirsson  formed  the  subject-matter  of  a  paper  by  Collie,*  which,  how- 
ever, makes  no  reference  to  Pirsson's  observations  or  those  of  any  pre- 
vious writer.  Collie  differs  from  Pirsson  in  concluding  that  the  granite 
was  intruded  before  the  Carboniferous.  He  shows  that  the  minettes  are 
later  than  the  granite,  as  one  dike  of  them  cuts  the  granite.  Crosby  f 
has  recently  examined  the  same  area,  and  also  the  related  one  at  New- 
port neck.  He  reaches  the  same  conclusion  as  Collie  as  to  the  age  of 
the  sjranite,  and  refers  it  in  particular  to  the  Cambrian. 

Granites  similar  to  the  above  occur  on  the  west  shore  of  Narragansett 
ba^',  between  the  Bonnet  and  the  Pier.  They  are  extensively  accom- 
panied by  pegmatite  dikes. 

Between  Narragansett  bay  and  Niantic,  where  the  first  granite  quarries 
are  met,  there  are  occasional  outcrops  of  massive  granites  in  the  gneisses, 
but  they  have  not  been  opened  up  by  any  quarry  industry  and  present 
no  features  differing  essentially  from  the  more  significant  exposures  fur- 
ther west.  About  a  mile  south  of  the  railway  station  at  Niantic,  Rhode 
Island,  on  a  hill  in  the  midst  of  woods,  quarries  have  been  opened  in  a 
finely  crystalline  gray  granite,  practically  like  that  at  Westerly.  Con- 
tacts with  the  gneissic  walls  are  well  shown,  as  are  pegmatites  and  other 
])henomena  characteristic  of  the  granite  intrusions. 

About  5  miles  south  of  Niantic,  over  a  drift-buried  area,  is  the  small 
summer  resort  known  as  Quonochontaug  beach.  It  is  located  immedi- 
ately on  the  seabeach,  in  the  neighborhood  of  some  ledges  of  coarse 
biotite-granite.  In  a  scattered  group  of  boulders  on  the  shore  is  the 
lar];e  one  of  orbicular  or  spheroidal  granite,  which  was  described  and 
fijrured  by  the  writer  some  years  ago. J 

The  granites  are  most  extensively  opened  up  for  study  in  the  vicinity 
of  Westerly,  in  the  extreme  southwestern  corner  of  the  state.  Two  hills 
respectively  south  and  north  of  the  railway  have  furnished  large  amounts 
of  stone,  especially  for  monumental  work.  There  are  two  contrasted 
varieties  of  granite.  One  is  a  finely  crystalline  gray  variety  and  is  the 
only  one  present  in  the  southern  hill,  where  it  is  quarried  by  the  Smith 

♦G.  L.  Collie:  The  geology  ot  Conanicut  island,  Rhode  Island.  Trans.  Wis.  Acad,  of  Sci.,  Arts 
and  Letters,  vol.  x,  March,  1805,  p.  199. 

fW.  O.  Crosby:  Contribution  to  the  Geology  of  Newport  neck  and  Conanicut  island.  Amer. 
Jour.  Set.,  March,  1897,  p.  ZW.    Crosby  gives  a  good  bibliography  and  r6Hum6  of  previous  work. 

tJ.  F.Kemp:  An  orbicular  granite  from  Quonochontaug  beach,  Rhode  Islanrl.  Trans.  New 
York  Acad.  Sci.,  vol.  xiii,  1894,  p.  140. 


366  J.  F.  KEMP— GRANITES  OP   ATLANTIC  COAST 

Company  and  the  New  England  Company.  In  the  quarryman's  classi- 
fication there  are  minor  varieties,  sucli  as  blue  and  gray,  but  petrograph- 
ically  they  are  practically  the  same.  This  is  the. stone  most  distinctively 
known  as  Westerly  granite.  It  shows  the  characteristic  shelly  joints  of 
granites  to  a  remarkable  degree  (see  plate  36,  figure  1).  In  the  hill  or 
ridge  north  of  the  railway  there  are  a  number  of  other  quarries,  some  of 
which  yield  gray  granite  and  some  red.  The  red  is  much  coarser  than 
the  gray  in  crystallization,  but  is  still  finer  than  the  Stony  Creek  red 
granite,  to  be  later  described.     It  is  a  rather  light  shade  for  a  red  granite. 

Between  Niantic  and  Westerly  are  other  small  quarries,  which  yield 
gray  granites.  To  the  west,  in  the  town  of  Mystic,  Connecticut,  there 
are  various  small  openings,  displaying  gray  granites,  and  on  Masons 
island,  in  Mystic  harbor,  a  large  ledge  has  been  utilized  for  rough  stone 
for  breakwaters.  It  is  a  gneiss,  plentifully  seamed  with  pegmatite  and 
aplite  dikes,,  but  it  shows  some  quite  massive  phases.  In  the  town  of 
Groton,  near  New  London,  but.  east  of  the  Thames,  are  exposures  of 
gray  granite,  somewhat  coarser  than  the  Westerly  variety,  but  of  the 
same  general  character.  Southwest  of  New  liOndon,  in  the  town  of 
Waterford,  there  is  another  small  quarry.  The  largest  opening  in  this 
immediate  district  is,  however,  the  one  on  Millstone  point,  5  miles  west 
of  New  London.  A  neck  of  rock  juts  out  into  the  sound  and  consists 
almost  entirely  of  granite.  The  stone  is  a  gray  variety,  darker  than  the 
Westerly  stone,  but  in  other  respects  much  like  it.  The  gneisses  are 
visible  in  the  walls  of  the  pit  and  the  contact  is  an  irruptive  one.  The 
exposures  of  granite  are  shown  in  plate  36,  figure  2. 

Quarries  for  stone  for  government  breakwaters  have  been  opened  near 
South  Lyme  in  gneiss.  They  ha^e  exposed  most  interesting  pegmatites, 
that  have  yielded  some  rare  minerals.  On  the  east  bank  of  the  Connect- 
icut river,  and  just  north  of  Lyme  station,  a  coarsely  crystalline,  pink, 
porphyritic  granite  has  been  developed  to  some  extent  in  former  yeare. 
It  is  a  very  beautiful  stone  when  polished,  but  is  now  no  longer  workeil. 
Its  niicrocline  was  studied  as  long  ago  as  1880  by  Descloiseaux,  who  hti^ 
left  a  brief  note  on  record  about  it,  as  is  later  noted.  This  granite  borders 
closely  on  the  pegmatites.  Passing  westward  across  the  Connecticut  river, 
gneisses  appear  in  all  the  railway  cuts  until  Sachems  head,  Leets  island, 
and  Stony  creek  are  reached.  At  all  of  these  localities  quarries  have 
been  opened,  but  those  at  Stony  creek  are  the  most  extensive.  The 
characteristic  Stony  Creek  stone  is  a  coarsely  crystalline  red  variety,  that 
is  chiefly  obtained  north  of  the  sUitioh  in  two  large  works.  One  of  the 
quarries  is  illustrated  by  plate  37,  figure  1.  It  is  extremely  massive. 
South  of  the  st-ation  the  Brooklyn  quarry  yields  a  gray  stone,  quite  finely 
crystalline,  and  unique  among  the  granites  of  the  region  in  that  it  con- 
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tains  numerous  garnets.  The  Leets  Island  quarries,  north  of  the  station, 
supply  a  red  granite,  as  do  those  at  Sachems  head.  An  exposure  of  the 
former,  with  basic  inclusions,  is  shown  on  plate  37,  figure  2.  Gneissoid 
varieties  of  the  same  are  obtained  on  Hoadlys  point,  south  of  the  station 
at  Leets  island,  and  the  workings  are  very  extensive.  The  stone  is,  how- 
ever, chiefly  used  for  bridge  piers.  Some  small  outlying  exposures  near 
Leets  Island  station  yield  gray  granite. 

PETBOORAPHY 

Oeneral  characteristics. — All  the  granites  are  biotite  granites,  muscovite, 
though  present,  being  very  subordinate  and  hornblende  failing  entirely. 
They  will  be  described  under  these  types :  The  Westerly  gray,  the  West- 
erly red,  the  Stony  Creek  red,  the  Stony  Creek  gray,  the  Lyme  pink.  A 
brief  mention  will  be  made  of  the  Quonochontaug  orbicular  variety. 

TTie  Westerly  gray  granite. — The  Westerly  gray  variety  consists  of  an- 
hedra  of  an  average  size  of  from  0.5  to  1.0  millimeter.  The  principal 
minerals  are  quartz,  orthoclase,  microcline,  plagioclase  near  oligoclase, 
brown  biotite,  a  little  muscovite,  magnetite,  zircon,  apatite,  and  some  un- 
common accessories.  The  ones  mentioned  are,  except  the  last,  the  normal 
minerals  in  granite,  and  they  are  so  familiar  that  extended  details  would 
be  the  iteration  of  elementary  phenomena.  The  quartz  has  abundant 
needles  of  rutile  and  cavities  with  bubbles.  It  contains  zircons  which 
show  the  combinations  I  and  II.  The  quartz  is  sometimes  included  in 
the  feldspar  and  exhibits  tendencies  to  develop  micropegmatites  with  it. 
The  period  of  formation  of  the  quartz  clearly  began  before  that  of  the  feld- 
spar closed.  The  orthoclase  is  sometimes  kaolinized  and  is  again  water- 
clear.  2k>nal  growth  and  Carlsbad  twins  are  both  present.  Microcline 
varies  in  quantity,  but  may  be  very  abundant.  The  plagioclase  is  inferior 
in  amount  to  the  potash  feldspars,  and  as  a  rule  affords  very  low  ex- 
tinction angles  in  basal  sections.  These  facis'-^ould  indicate  oligoclase, 
and  the  presence  of  considerable  lime  in  the  analyses  tends  to  corroborate 
the  inference.  The  biotite  is  deep  brown  and  strongly  pleochroic.  It 
bleaches  to  green  on  alteration,  and  has  muscovite  occasionally  associated 
with  it.  The  biotite  is  almost  always  in  irregular  shreds,  but  instances 
have  been  met  in  which  it  is  drawn  out  into  elongated  parallelograms 
with  good  crystallographic  boundaries.  Its  relative  abundance  is  shown 
in  plate  38,  figure  1.  The  magnetite  and  apatite  present  no  noteworthy 
features.  The  other  accessories,  some  of  which  are  of  special  interest, 
will  be  referred  to  after  mention  has  been  made  of  the  red  variety  of  the 
Westerly  granite. 

The  Millstone  Point  granite  closely  resembles  the  Westerly  gray  in 
appearance,  but  it  has  less  of  a  bluish  cast.     It  is  of  about  the  same 
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grain  and  does  not  differ  essentially  from  the  type,  except,  perhaps,  in 
the  greater  abundance  of  niicrocline.  Quartz,  microcline,  orthocla.se, 
oligoclase,  biotite,  pyrite,  and  the  usual  accessories  make  it  up. 

The  granites  from  Groton  and  from  the  immediate  neighborhood  of 
New  I^ndon  all  vary  but  slightly  from  the  type  of  the  Westerly  gray. 
In  one  from  a  quarry  a  mile  south  of  the  little  station  of  Waterford,  on 
the  Shore  Line  railroad,  just  east  of  New  London,  the  quartzes  are  charged 
with  twisted  blades  of  some  unknown  mineral,  having  the  form  of  Archi- 
medes screws,  of  very  long  pitch.  Rutile  needles,  fluid  inclusions,  and 
the  usual  microscopic  phenomena  of  the  quartz  of  granites  are  universal, 
but  these  spirals  have  not  been  seen  elsewhere. 

The  Westerly  red  granite, — The  Westerly  red  granite  does  not  differ 
essentially  in  mineralog}'  from  the  gray  type,  although  it  bears  no  resem- 
blance to  it  in  the  hand  specimen.  The  former  is  much  more  coarsely 
crystalline,  the  anhedra  ranging  from  L5  to  5  millimeters.  The  orthoclase 
has  a  pronounced  pink  color,  which,  however,  disappears  in  thin-section. 
Microcline,  oligoclase,  biotite,  a  little  muscovite,  magnetite,  zircons,  and 
.apatite  are  all  present. 

Accessory  minerals  in  the  Westerly  granites. — Accessory  minerals  of  a  less 
common  character  have  been  recorded  already  in  the  Westerly  granites 
by  several  observers.  Iddings  and  Cross*  mentioned  allanite  in  I880. 
The  writer  has  also  noted  it  in  a  hand  specimen  that  attracted  his  atten- 
tion because  it  was  spotted  with  apparent  blemishes  or  stains.  The 
discolorations  spread  from  a  dark  nucleus,  and  in  thin-section  are  a  yel- 
lowish decomposition  product  that  has  stained  the  neighboring  quartz 
and  feldspar.  The  dark  nucleus  was  in  one  case  yellow  and  afforded 
aggregate  polarization ;  in  another  it  was  pleochroic,  dark  brown  to  light 
brown,  biaxial,  and  of  feeble  polarization.  All  these  colors  correspond 
with  allanite,  but  as  all  petrographers  familiar  with  allanite  know,  in  its 
altered  condition  it  is  a  very  unsatisfactory  subject.  In  a  slide  from  Mill- 
stone point  zonal  allanite  was  noted  exactly  like  that  figured  by  Keyes,t 
but  not  associated  with  epidote.  In  1891  0.  A.  Derby  J  described  mona- 
zite  in  heavy  concentrates  from  a  specimen  of  the  Westerly  red  variety 
that  was  given  him  by  the  writer.  In  a  thin-section  of  a  specimen  of 
gray  granite  from  the  Miller  quarry,  Westerly,  and  near  its  contact  with 
the  gneiss,  the  writer  has  met  a  yellow,  doubly  refracting  mineral  which 
gives  a  positive  uniaxial  figure  and  which  is  intimately  associated  with 

*J.  p.  Iddings  and  Whitman  Cross:  Widespread  occurrence  of  aUanite  as  an  accessory  cod* 
stitiient  in  many  rocks.    Amer.  Jour.  Sci.,  Aug.,  1885,  p.  108. 

fC  R.  Keyea:  The  origin  and  relations  of  central  Maryland  granites.  XV  Ann.  Rep,  Director 
r.  S.  Geol.  Survey,  1896,  plate  xxxviii,  fig.  4. 

X  O.  A.  Derby :  Occurrence  of  xonotimo  as  an  accessory  element  in  rocks.  Amer.  Joar.  Sci., 
April,  1891,  p.  311. 
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biotite.  It  is  regarded  as  xenotime,  which  mineral  Derby  has  shown  by 
concentrates  to  be  widespread  in  many  granites  in  Brazil.  In  some  gen- 
eral notes  on  the  microscopic  characters  of  biotite  granites,  G.  P.  Merrill  * 
remarked,  in  1886,  the  richness  of  the  Westerly  granites  in  accessory  min- 
erals, and  mentions  fluorspar,  sphene,  menaccanite,  magnetite,  apatite, 
epidote,  and  pyrite.  The  writer  has  also  noted  one  or  two  irregular  bits 
of  tourmaline  in  close  association  with  biotite.  Beryl  is  recorded  from 
Westerly ,t  but  it  probably  came  from  a  pegmatite  dike.  Many  of  these 
accessories  are  strongly  suggestive  of  the  presence  of  mineralizers  in  the 
magma,  and  the  remarks  later  made  on  the  pegmatites  at  Westerly  would 
tend  to  corroborate  the  inference. 

QuoTiochontaug  orbimUar  granite. — The  interesting  orbicular  granite  at 
Quonochontaug  beach  is  a  peculiar  variation  of  the  Westerly  gray  type. 
It  is  associated  with  a  massive  variety  that  is  much  coarser  than  the  gray 
granite  just  described,  but  does  not  otherwise  differ  from  it  in  mineralogy. 
The  details  of  the  spheroids  J  have  been  set  forth  in  the  original  citation 
which  is  given  above,  page  365. 

The  Stony  Greek  types, — The  granites  at  Stony  creek  are  of  two  varieties. 
One,  the  Stony  Creek  red,  is  the  characteristic  building  stone  from  this 
locality.  It  is  a  coarsely  crystalline  rock  that  is  in  strong  contrast  with 
the  other  types.  The  other,  the  Stony  Creek  gray,  is  obtained  only  from 
the  Brooklyn  quarry.  It  is  a  more  finely  crystalline  variety  than  the 
last  named,  and  has  abundant  garnets  scattered  through  it,  affording  thus 
the  only  instance  of  garnet  met  in  the  granites.  Both  these  stonea  have 
been  extensively  quarried,  the  former,  however,  more  largely  than  the 
latter. 

The  Stony  Creek  red  granite  consists  chiefly  of  large  red.  microclines 
which  give  it  its  characteristic  shade.  They  average  more  than  10  mil- 
limeters in  diameter  under  the  microscope,  are  clear  and  but  slightly 
kaolinized.  Quartz  is  abundant  and  oligoclase  of  a  greenish  white  is  in 
variable  quantity.  It  may  sink  to  a  small  percentage,  as  is  indicated  by 
the  analysis  by  Professor  L.  P.  Kinnicut  later  quoted.  A  little  biotite  is 
present,  but  it  is  not  specially  notable  in  the  stone.  There  is  a  little  mag- 
netite, and  many  zircons  may  be  detected  with  the  microscope.     In  pol- 

*G.  P.  Merrill :  Report  of  buildiDg  stonen.    Tenth  Census,  vol.  z,  p.  20. 

t  A  pamphlet  entitled  "Geology  of  Rhode  Island/'  which  was  issued  by  the  Franklin  Society  of 
Providence  in  1887,  has  but  recently  become  accessible  to  the  writer.  It  contains  a  list  of  min- 
erals found  at  Westerly  (p.  92)  which  embraces  the  following  :  **  Feldspar  crystals,  micas,  quartz, 
amethyst,  pyrite,  ilmenite,  beryl,  garnet."  While  the  pamphlet  is  largely  a  compilation,  it  gives 
a  very  complete  bibliography  on  the  geology  of  the  state  and  many  notes  of  local  interest. 

{The  writer  has  recently  discovered  that  this  peculiar  granite  is  also  mentioned  in  the  report 
to  the  Franklin  Society  cited  in  the  last  reference  and  that  a  cut  of  the  granite  is  there  reproduced 
(see  plate  III  and  page  02.)  The  rock  is  regarded  not  unnaturally  as  "  a  kind  of  concretionary 
conglomerate.*' 

LIII— BvLL.  GsoL.  See.  Am.,  Vol.  10,  1898 
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ished  columns  or  hammered  blocks  the  granite  exhibits  a  fluidal  arrange- 
ment of  the  components  that  is  strongly  suggestive  of  the  flow  phenomena 
in  porphyritic  rocks,  and  yet  it  is  most  probably  the  result  of  plasticity 
induced  by  pressuje.  The  strength  of  this  conclusion  is  increased  by  the 
pronounced  gneissoid  phase  of  this  rock  that  is  the  basis  of  the  large 
quarry  industry  on  Hoadlys  point  just  south  of  the  Leets  Island  station 
and  a  mile  or  two  east  of  Stony  creek.  This  coarse,  red  gneiss  is  certainly 
a  phase  of  the  Stony  Creek  red,  and  it  assuredly  owes  its  foliated  character 
to  dynamic  metamorphism.  Under  the  microscope  the  quartzes  are 
crushed  and  strained,  the  orthoclases  have  undulatory  extinction,  mi- 
crocline  is  abundant,  and  the  biotite  is  dragged  out  into  streaks  whose 
.  origin  is  very  apparent.  These  results  of  squeezing  are  much  more 
pronounced  at  Hoadlys  point  than  at  Stony  creek  and  the  easing  of  the 
pressure  must  have  been  especially  accomplished  at  the  former  locality. 

The  Stony  Creek  red  shows  some  pronounced  pegmatitic  developments 
in  the  midst  of  the  normal  grain,  but  the  constituent  minerals  do  not 
appear  to  vary  much,  except  in  the  introduction  of  pyrite,  which  may 
be  quite  noticeable. 

The  Stony  Creek  gray  variety  is  more  finely  crystalline  than  the  pre- 
ceding and  contains  more  plagioclase,  which  being  of  a  white  color  makes 
the  general  effect  of  the  rock  lighter.  The  analyses,  as  later  shown,  are 
also  somewhat  contrasted.  The  component  minerals  are  quartz,  ortho- 
clase,  microcline,  oligoclase,  a  little  biotite,  magnetite,  apatite,  zircons, 
and  la/ge  garnets,  10  millimeters  in  diameter,  which  produce  red  spots 
throughout  the  general  mass  of  the  stone.  In  thin-section  the  garnets 
show  no  regular  outlines,  but  are  irregularly  ramifying  anhedra.  Effect*? 
of  strain  are  frequent  in  the  rock  and  it  has  evidently  suffered  fix)m 
dynamic  metamorphism. 

INTRUSIVE  NATURE  OF  THE  GRANITES 

The  contacts. — In  all  cases  where  the  contacts  of  the  granites  and  the 
gneisses  are  visible  they  are,  in  the  opinion  of  the  writer,  plainly  irrup- 
tive.  Although  the  mineralogy  of  the  two  rocks  is  so  nearly  the  same,  it 
is  possible  to  distinguish  clearly  between  the  massive  &nd  the  foliated 
individuals.  Nearly  all  of  the  quarries  show  these  phenomena,  but  they 
are  especially  well  exliibited  in  the  quarries  south  of  the  railway,  at 
Westerly,  at  Millstone  point,  and  in  the  Brooklyn  quarry  at  Stony  creek. 
The  granites  tongue  out  irregularly  into  the  gneiss,  precisely  as  if  they 
had  been  intruded  into  a  shattered  country  rock,  which,  however,  must 
have  been  itself  sufficiently  hot  to  have  had  no  perceptible  chilling 
effect  on  the  intrusion.  Fragments  of  gneiss  are  found  in  the  granite, 
especially  at  Millstone  point.     These  mixtures  of  gneiss  and  granite  and 
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the  associated  pegmatites  are  the  bane  of  the  quarryman  and  necessitate 
much  dead  work  and  much  waste. 

The  basic  inclusions, — A  second  and  very  strong  form  of  evidence  of  the 
irruptive  nature  of  the  granite  is  furnished  by  the  inclusions  of  dark 
basic  rock,  which  are  met  in  almost  all  the  quarries.  The  inclusions 
are  of  two  kinds.  The  first,  which  consists  chiefly  of  biotite  with  subor- 
dinate orthoclase,  plagioclase,  quartz,  apatite,  and  magnetite,  shows  no 
foliation  and  is  apparently  a  basic  segregation  from  the  magma.  It  has 
merely  the  minerals  of  the  granite  with  the  biotite  in  great  excess.  The 
other  is  a  distinctly  foliated,  hornblende  schist  or  amphibolite  and  pre- 
sents long  slabs,  which  are  precisely  like  the  hornblendic  schists,  occur- 
ihg  in  the  country  rock.  A  particularly  fine  example  was  exposed  in 
1895  in  the  quarry  nortli  of  the  railway  station  at  Leets  island.  It  was 
a  dark  slab,  about  8  feet  lon^j  and  a  foot  thick.  Marked  foliation  ran  its 
entire  length.  It  was  black  and  in  strong  contrast  with  the  red  granite 
that  held  it.  A  photomicrograph  of  a  thin-section  is  shown  in  plate  39, 
figure  2.  Twenty  feet  away  was  another  included  mass,  a  block  about 
4  feet  in  diameter.  Around  the  edges  of  the  inclusions  there  were  several 
inches  of  coarse  pegmatite  before  the  normal  granite  was  met.  This 
pegmatite  border  has  been  noted  a  number  of  times  and  is  one  of  the 
features  of  the  foreign  inclusions.  Mineralizers  have  apparently  gath- 
ered in  special  amount  around  the  included  mass  and  have  caused  the 
large  feldspars  and  quartz  to  develop.  Under  the  microscope  the  slab- 
like inclusion  from  Leets  island  was  found  to  be  chiefly  hornblende, 
with  which  was  associated  considerable  biotite,  plagioclase,  scapolite, 
titanite,  magnetite,  and  a  little  quartz.  This  assemblage  is  that  of  a 
typical  hornblende  schist.  A  basic  inclusion  in  the  granite  of  the  Brook- 
lyn quarry,  at  Stony  creek,  was  found  to  have  undergone  alteration  and 
to  have  yielded  red  rhombohedra  of  chabazite. 

These  inclusions  correspond  closely  to  the  basic  country  rock,  and 
there  seems  no  reasonable  explanation  for  them  other  than  that  they 
have  been  torn  off  from  these  originals  during  the  intrusion  of  the 
granite. 

Some  special  emphasis  is  placed  on  the  intruded  character  of  the 
granites  because  they  have  been  regarded  as  extreme  phases  in  the  met- 
amorphism  which  in  its  incomplete  development  has  produced  the 
gneisses.  Although  nowhere  stated  in  so  many  words,  the  late  Pro- 
fessor Dana  seems  to  imply  this  view  in  his  interesting  geological  guide 
book  to  the  environs  of  New  Haven.*  The  writer  hesitates  to  differ 
with  so  respected  and  generally  beloved  an  authority  as  Professor  Dana, 
but  in  this  particular  he  only  reflected  the  prevailing  views  of  an  earlier 


•J.  1>.  Daoa:  The  four  rocks.    New  Haven,  1891,  p.  118.     Professor  Djina  did  not  overlook  the 
effects  of  dynamic  metamorphinm,  but  doea  not  oonaider  the  granitOH  irruptive. 
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generation  on  the  significance  of  foliation  in  metamorphic  rocks.  The 
widespread  foliation  of  the  country  rocks  in  the  region  under  consider- 
ation antedates  the  intrusion  of  the  granites,  which,  although  not  en- 
tirely, yet  in  most  instances,  escaped  notable  dynamic  metamorphii^ni. 
As  already  stated  in  the  introductory  sketch,  granites  of  post-Cambrian, 
if  not  of  post-Carboniferous,  age  are  recognizable  at  Newport  and  Conan- 
icut  island,  which  have  penetrated  wall-rocks  already  highly  metamor- 
phosed. The  granites  have  themselves,  then,  suffered  the  effects  of 
pressure,  and  in  the  absence  of  positive  evidence  to  the  contrary  we  may 
not  be  certain  that  the  more  western  intrusions  in  Rhode  Island  and 
Connecticut  are  not  of  the  same  age — that  is,  at  least  post-Cambrian. 
They  assuredly  are  pre-Triassic.  • 

The  Aplites  and  the  Pegmatites 

Aplite  dikes  of  a  small  thickness  are  frequently  met  and  are  plainly 
of  an  intrusive  nature.  They  cut  the  gneisses  regardless  of  their  folia- 
tion, and  are  to  be  considered  as  minor  border  phenomena  around  the 
granites.  The  chief  constituent  minerals  are  quartz  and  orthoclase. 
Biotite,  muscovite,  microcline,  and  acid  plagioclase  are  all  in  subordi- 
nate amount. 

The  pegmatites  are  present  in  great  numbers  and  at  times  attain  very 
considerable  size.  They  cut  the  gneisses  as  dikes  of  varying  width,  and 
are  beyond  question  genetically  connected  with  the  granites.  The  peg- 
matites vary  from  those  of  granitic  mineralogy  to  those  that  are  practi- 
cally pure  quartz.*  They  are  specially  abundant  along  the  west  coast 
of  Narragansett  bay,  as  shown  in  plate  40,  figures  2  and  3. 

The  commonest  kind  is  a  very  coarse  aggregate  of  red  microcline,  white 
natron-orthoclase,  albite,  and  quartz,  together  with  a  little  black,  brittle 
biotite  and  occasional  thin  plates  of  ilmenite  and  masses  of  magnetite. 
The  microcline  is  flesh-red  and  exhibits  crystals  that  almost  always  have 
some  recognizable  faces  and  that  may  be  beautifully  developed.  An  ex- 
posure of  one  of  the  pegmatites  is  illustrated  by  plate  41,  figure  1.  The 
simj)lest  and  commonest  combination  contains  1  (110),  M  (010),  P(OOl), 
X  (101),  or  y  (201),  and  z  (130).  The  crystals  are  either  equally  devel- 
oped along  each  axis  or  else  are  drawn  out  on  the  vertical  axis  into  a 
prismatic  elongation.  One  specially  perfect  one  which  was  obtained  by 
chiseling  away  the  surrounding  quartz  at  the  Smith  quarry,  Westerly, 
exhibits  the  above  faces,  and  in  addition  o  (Til),  and  n  (021).  Carlsbad 
twins  have  been  found,  but  are  not  particularly  common.  Manebacher 
twins  are  quite  as  freciuently  seen,  and  in  several  instances  have  been 


♦  Professor  J.  J).  Dixnix  statOH  in  "  The  four  rocks,"  p.  UG,  that  the  qiiarta  veins  ar«  later  than  th^ 
granite  veins  ;  i.  r.,  than  the  p«»gmatite8,  as  the  former  cut  the  latter  when  both  occur  together. 


APLITES   AND    PEGMATITES  373 

collect€<l  of  notable  perfection.  This  flesh-red  microcline  was  taken  for 
orthoclase  in  the  field,  and  at  first  sight  one  would  consider  it  a  typical 
case  of  the  latter,  but  the  moment  flakes  are  tested  with  polarized  light, 
tlie  peculiar  twinning  and  extinction  angles  of  microcline  may  be  readily 
recognized.  The  latter  is  about  15  degrees  on  the  basal  flakes  and  5  de- 
grees on  the  brachy-pinacqidal.  The  specific  gravity,  as  determined  on 
I)ieces  of  from  15  to  20  grams,  is  2.532  to  2.539 — values  that  are  from 
0.02  to  0.03  below  the  general  average  of  microcline. 

A  white  feldspar  is  widely  associated  with  the  red  microcline  and  is 
of  especial  excellence  in  the  Westerly  quarries.  It  is  automorphic,  but 
must  be  dug  out  of  the  quartz  that  fills  the  interstices  of  the  feldspar, 
cry&tals.  The  crystals  are  well  developed  and  can  be  obtained  at  times 
with  fairly  perfect  terminations,  although  as  a  rule  they  have  interfered 
one  with  another  in  growth.  The  base  is  striated,  so  that  in  the  field 
they  were  all  taken  for  albite. 

Optical  tests  of  some  cleavage  flakes  parallel  with  the  base  at  once 
revealed  an  extinction  angle  of  zero  degrees,  while  other  flakes  parallel 
with  the  brachy-pinacoid  gave  one  of  9  degrees.  The  specific  gravity  on 
one  lot  was  found  to  be  2.595,  and  on  another  2.613.  The  latter  value 
approximates  albite,  but  the  optical  properties  were  those  of  natron- 
orthoclase.  A  positive  bisectrix  emerges  nearly  perpendicularly  to  the 
brachy-pinacoid.  The  crystals  exhibit,  as  determined  by  the  eye  alone, 
P  (001),  M  (010),  T  (110),  1  (110),  X  (101),  y  (201),  n  (021),  and  o  (1 11). 
The  faces  n  and  y  are  dull,  but  the  others  are  quite  bright.  Between 
y  and  P  there  are  two  other  domes  on  one  crystal,  of  which  one  is  doubt- 
less X. 

It  is  probable  that  both  albite  and  natron-orthoclase  are  present,  and 
some  quantitative  chemical  tests  corroborated  this  view,  although  they 
were  not  complete  enough  for  an  analysis. 

In  a  large  crystal,  partly  microcline  and  partly  orthoclase,  from  a  peg- 
matite vein  on  Masons  island,  Mystic,  Connecticut,  weathered  surfaces 
were  found  running  roughly  parallel  with  a  somewhat  imperfect  cleavage, 
which  is  itself  parallel  with  the  prism  faces.  The  weathered  surface  was 
thickly  set  with  little  crystals  of  secondary  feldspar  whose  vertical  axis, 
basal  pinacoid,  and  prism  faces  are  parallel  with  those  of  the  host.  The 
former  are  white,  while  the  latter  is  red.  The  former  are  striated  on  the 
base.  As  a  maximum  they  are  1.5  millimeters  in  length  and  vary  from 
this  down  to  extreme  minuteness.  The  twinning  which  they  exhibit  in 
thin  sections  parallel  with  the  base  makes  it  evident  that  they  area  pla- 
gioclase  near  albite.  These  secondary  feldspars  are  clearly  infiltration 
products  that  have  come  in  along  the  prismatic  cleavage  cracks,  and  es- 
pecially the  ones  parallel  with  the  right-hand  prism  face.  One  can  not 
well  say,  however,  at  what  stage  in  the  history  of  the  rock  they  entered, 
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but  they  are  significant  as  bearing  on  the  general  production  of  micro- 
perthites.  A'section  parallel  with  the  basal  pinacoid  is  illustrated  in  plate 
39,  figure  1.  In  this  connection  it  is  interesting  to  note  that  Descloiseaux 
remarked  the  presence  of  inclusions  of  albite  in  a  specimen  of  micro- 
dine  from  the  McCurdy  quarry  at  Lyme,  but  he  speaks  of  thera  as  being 
extremely  minute.* 

One  microcline  crystal,  about  6  inches  on  each  axis,  quite  perfectly  de- 
veloped and  doubly  terminated,  although  attached  at  the  end  of  the 
a-axis,  was  obtained  on  Masons  island. 

The  biotite  of  the  pegmatites  is  a  brownish  green  and  is  strongly 
biaxial.  One  small  vein  of  it  and  garnet  was  found  on  Masons  island, 
Mystic,  as  is  illustrated  in  plate  40,  figure  1.  It  is  a  rather  brittle 
variety.  The  quartz  was  the  last  of  the  chief  components  to  crystallize 
and  forms  a  brittle,  interstitial  filling,  not  otherwise  noteworthy.  The 
ilmenite  occurs  in  tabular  crystals  varying  in  thickness  up  to  6  milli- 
meters. The  flattening  is  parallel  with  the  base.  One  rhombohedron 
was  noted,  but  it  was  too  rough  for  sharp  determination.  Apatite  has 
been  discovered  once,  and  that  on  Masons  island.  The  crystal  is  bounded 
by  the  hexagonal  prisms  of  the  first  and  second  orders,  but  is  not  ter- 
minated by  faces.  Tourmaline  is  rare  in  the  pegmatites  all  along  this 
portion  of  the  sound,  although  it  is  abundant  farther  west.  Only  once 
was  it  noted,  and  that  was  at  Millstone  point.  Molybdenite  is  very 
abundant  in  a  pegmatite  that  is  exposed  in  a  railway  cut  just  east  of 
South  liyme.  It  forms  large  flakes,  sometimes  a  square  inch  in  area, 
and  is  thickly  set  in  the  rock.  In  the  neighboring  quarry,  on  the  other 
side  of  the  track,  the  exceptionally  good  monazite  crystals  were  discov- 
ered which  have  been  described  by  W,  D.  Matthew.f  They  specially 
favor  the  large  leaves  of  biotite  and  occur  closely  packed  in  under  the 
latter.  This  association  facilitates  their  discovery,  for  they  are  rare  at 
best.  Matthew  also  figures  one  of  the  manebacher  twins  of  microchne. 
regarding  it  as  orthoclase. 

The  only  other  minerals  which  have  been  noted  in  the  pegmatites  are 
magnetite  and  muscovite.  The  former  exhibits  the  usual  lamellar  planes 
of  growth  parallel  to  the  octahedron,  and  the  latter  is  in  no  way  note- 
worthy. 

The  proportions  of  the  several  minerals  in  the  pegmatites  vary  con- 
siderably, but  in  the  normal  specimens  one  might  say  that  red  micro- 
cline is  most  abundant  and  makes  up  about  50  per  cent  of  the  whole. 
Natron-orthoclase  and  albite  follow  with  about  25  per  cent,  then  quartz 
with  perhaps  20  per  cent,  leaving  5  per  cent  for  all  the  rest.     Quartz 


♦  American  Joarnul  of  St-ienoo,  October,  1880,  p.  3.15. 

fW.  D.  Matthew:  Moimzitfi  and  orthoclrtse  from  South  Lyme,  Counecticiit.    School  of  yiiue^ 
Quarterly,  April,  \m.\  p.  2.11. 
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may,  however,  become  much  more  abundant,  and  ini^tances  have  been 
met,  as  in  a  large  vein  near  Sacliems  head,  which  consists  of  quartz  with 
but  a  few  feldspar  crystals  distributed  through  it.  An  extreme  develop- 
ment of  pure  quartz  is  also  known,  and  to  this  latter  variety  must  be 
referred  the  huge  quartz  vein  that  forms  Lantern  hill,  north  of  Mystic. 
lantern  hill  is  the  inghest  elevation  in  this  part  of  Connecticut  and  is  a 
landmark  for  sailors.  The  vein  is  several  hundred  feet  across  and  is 
certainly  a  deposit  from  solution,  as  its  quartz  crystals  are  in  banded 
arrangement;  they  interlock  and  exhibit  the  characteristic  features  or 
*'  crustification  "  of  a  typical  mineral  vein.  At  the  north  end  the  vein 
is  hard,  massive  quartz,  but  at  the  south  end  it  is  so  pulverulent  that  it 
can  be  dug  with  a  pick  and  shovel  and  can  even  be  crumbled  with  the 
fi ngere.  Its  pulverulent  character  has  been  referred  by  the  writer  to 
crushing.*  It  is  illustrated  by  plate  41,  figure  2.  As  earlier  stated,  Pro- 
fessor Dana  observed  that  the  quartz  veins  near  Stony  creek  were  later 
than  the  pegmatites,  and  it  may  well  be  that  they  mark  the  closing  and 
fumarolic  stages  of  the  intrusive  phenomena.  « 

Chemical  Composition  of  the  Granites 


The  following  analyses  f  will  give  a  fair  idea  of  the  ranges  in  composi- 
tion of  the  granites  which  have  been  described  above : 
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100.00 
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♦J.  F.  Kemp  in  Transactions  of  the  New  York  Academy  of  Sciences,  May  18,  18«.mj.  vol.  xv,  p.  189. 
tThe  writer  takes  this  opportunity  to  express  his  thanks  to  Doctors  Love  and  Vult6  for  the  above 
analyses,  which  they  have  been  so  kind  as  to  make  for  him. 
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I.  Epidotic  granite.  By  L.  V^.  Pirsson.  American  Journal  of  Science,  Novem- 
ber, 18^)3,  page  373. 

II  and  III.  By  F.  W.  Love,  formerly  Instructor  in  Chemistry,  Cornell  Univers!i> 
The  analyses  were  made  for  this  paper  some  years  ago.  On  account  of  the  aai- 
dental  loss  of  the  solution  in  which  the  mixed  alkaline  chlorides  were  to  have  ))een 
determined,  the  soda  was  estimated  by  difference.  The  potasii  was  directly 
weighed. 

IV.  By  H.  T.  Vult6,  Instructor  in  Chemistry  in  Barnard  College,  Columbia  Uni- 
versity.   This  analysis  and  VI  were  made  for  this  paper. 

V.  By  L.  P.  Kinnicut,  of  the  Worcester  Polytechnic  Institute,  for  the  Red  Granite 
Company,  from  whom  it  was  obtained.* 

VI.  By  H.  T.  Vult^. 

Specific  gravities  of  samples  different  from  those  on  which  the  analyses 
have  been  based  have  been  determined  as  indicated  below.  Samples  of 
fnpm  100  to  800  grams  were  employed,  and  where  possible  polished  spec- 
imens were  used : 

Westerly,  gray  variety 2.654 

Millstone  point 2.660  2.671 

Stony  point,  Norcross  quarry,  finer  grain 2.626    Coarser,  2.ftU 

Stony  point,  Brooklyn  quarry 2.640  2.650 

I^ets  island,  gneissoid 2.649 

Stony  creek,  mica-gneiss 2.704 

Masons  island,  aplite 2.596 

Masons  island,  basic  inclusion 2.860 

Stony  creek,  basic  inclusion 2.987 

Stony  creek,  basic  inclusion 2.880 

Stony  ci*eek,  basic  inclusion, (Brooklyn  quarry) 2.957 

An  examination  of  the  analyses  brings  out  the  fact  that,  except  for 
the  one  from  Millstone  point,  the  granites  have  quite  uniform  percent- 
ages of  silica.  The  ones  from  Rhode  Island  range  somewhat  higher  in 
lime  than  do  those  from  Connecticut.  The  magnesia  is  very  low  except 
in  the  one  from  Conanicut.  In  the  relations  of  the  alkalies  there  are 
some  interesting  contrasts.  In  I,  IV,  and  VI  the  soda  is  relatively  high- 
In  II  and  III  a  very  decided  preponderance  of  the  orthoclase  molecule 
is  indicated,  and  in  the  sample  used  for  V  there  must  have  been  a  great 
excess  of  orthoclase  or  microcline.  The  analysis  would  indicate  one  of 
the  purest  orthoclase  (or  microcline)  granites  of  which  any  record  has 
been  made.      While  samples  may  be  obtained  in  the  quarries  which 
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fulfill  this  requirement,  the  general  run  of  the  stone  contains  more 
oligoclase. 

Gkneral  Remarks  on  the  Granitbs  of  the  Atlantic  Seaboard 

statistics  of  varieties 

All  persons  familiar  with  either  the  rocks  or  the  quarry  industry  of  the 
Atlantic  states  are  aware  that  granites  are  exceedingly  abundant  through- 
out the  region.  In  the  maritime  provinces  of  Canada  they  are  likewise 
present  in  vast  amount.  In  southern  Nova  Scotia  the  slates  and  schists 
of  supposed  Algonkian  age  are  penetrated  by  them,  and  exhibit  zones 
of  contact  metamorphism.*  In  New  Brunswick,  both  along  the  imme- 
diate coast  and  in  the  interior,  granites  are  known  to  exist  in  abundance, 
and  in  8ome  instances  to  be  as  late  as  the  Devonian.f  Throughout  New 
England  and  the  crystalline  areas  of  the  states  to  the  south,  granites  are 
among  the  most  common  rocks-J  While  they  have  suffered  much  from 
dynamic  metamorphism  in  one  place  and  another,  yet  there  are  many 
that  are  still  massive  and  that  are  typical  eruptives.  They  are  so  often 
situated  near  tidewater,  or  else  they  possess  such  other  advantages  for 
economical  transportation,  that  they  have  been  very  extensively  utilized 
for  building  stone.  As  a  result,  they  have  been  widely  distributed,  and 
in  most  cases  have  been  already  determined  with  the  microscope  and 
recorded  in  the  reports  on  building  stone  which  have  been  especially  pre- 
pared by  G.  P.  Merrill.§  The  writer  has  also  had  his  attention  directed 
to  the  same  subject  in  connection  with  lectures  to  students  in  courses  on 
architecture,  and  has  had  the  opportunity  to  study  the  Tenth  Census 
collection  of  cubes  which  is  exhibited  in  the  American  Museum  of 
Natural  History,  New  York.  Considerable  experience  has  likewise  been 
gained  in  the  field. 

The  preponderance  of  biotite  granites  in  this  portion  of  North  America 
is  very  striking,  as  will  be  seen  from  the  following  tabulation,  which  is 

*  J.  E.  Woodman  :  Studies  in  the  gold-beariDg  slates  of  Nova  Scotia.  Proceedings  of  the  Boston 
Society  of  Natural  History,  vol.  xxviii,  pp.  375-407  ;  especially  392.  Mr  Woodman  gives  a  valuable 
bibliography. 

t  Bailey  and  Matthew,  in  Annual  Report  of  the  Geological  Survey  of  Canada  for  1871,  p.  180. 

t  An  excellent  review  of  these,  with  a  bibliography,  will  be  found  in  the  paper  by  George  H. 
Williams  on  "The  general  relations  of  the  granitic  rocks  in  the  middle  Atlantic  Piedmont  plateau.** 
It  in  far  from  the  writer's  purpose  in  the  present  paper  to  repeat  ai\y  of  the  points  set  forth  in  the 
admirable  survey  of  these  eruptives  that  is  presented  by  Doctor  Williams,  whose  intention  in 
writing  his  paper  was  clearly  to  demonstrate  their  abundance,  to  record  what  was  known  of  their 
eruptive  character,  and  upon  this  to  base  an  argument  for  the  eruptive  nature  of  many  of  the 
KD(>is8«A  in  the  great  crystalline  complex.  The  particular  petrographic  characters  of  the  granites 
.  outside  of  Maryland  receive  but  passing  mention,  and  it  is  the  purpose  here  to  emphasiase  their 
remarkable  uniformity. 

IG.  P.  Merrill,  in  Tenth  Census  Reports,  vol.  x,  pp.  62-77. 

LI V— Bull.  Obol.  Soc.  Am..  Vol.  10,  1898 
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baaed  on  the  statistics  of  the  Tenth  Census  and  on  several  papers  which 
have  appeared  since  1885  and  which  are  cited  in  the  foot-notes : 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

Tif  Aino 

56 
17 
9 
9 
6 
6 

"'i' 

5 
6 

2 

"e 

2 
1 

1 
1 

'   "2 

7 

17 
3 
2 
2 

I 
2 

2 
5 

1 
5 

New  Hampshire. 
Vermont-   

1 
1 

2 

•  •  V  •  •  » 

•  •  »  * 

OonnecticQt  . . . . 

1 
3 

8 
2 

1 

Masflachusetts. . . 
Rhode  Island . . . 

6 

1    ... 

x  • . . . . 

New  York 

3 

1 

1 1 

1 

Pennsylvania . . . 

Maryland 

Virginia 

Geonria 

...... 

1 
2 

2 

•  -•••• 

•) 

1 

5 

• 

•  -  »  • 

Totals ... 

115 

15 

36 

9 

21 

13 

2 

7 

2 

3 

Of  North  Carolina  and  South  Carolina  no  statistics  are  available. 

I,  biotite-granite ;  II,  biotite-gneiss;  III,  muscovite-biotite-granite;  IV,  musco- 
vite-biotite-gneiss ;  V,  biotite-hornblende-granite  or  gneiss ;  VI,  hornblende-gran- 
ite; VII,  muscovite-granite ;  VIII,  biotite-epidote-granite  or  gneiss ;  IX,  epidote- 
granite ;  X,  hornblende-gneiss. 

A  survey  of  these  figures  brings  out  strongly  the  great  preponderance 
of  the  biotite-granites  over  the  others,  and  if  to  the  total  for  the  biotit-e- 
granites  we  add  also  the  totals  for  the  biotite-gneisses,  the  muscovite- 
biotite-granites  and  gneisses,  and  the  biotite-epidote-granite  or  gneiss,  a 
procedure  that  is  practically  justifiable,  the  conclusion  is  emphasized 
the  more  strongly.  In  fact  the  occurrence  of  other  granites  makes  one 
suspect  that  more  or  less  abnormal  rock-types  are  present  and  to  infer 
peculiar  conditions.  This  last  feature  will  be  further  commented  on  in 
the  remarks  on  the  several  provinces  or  states  which  are  given  below. 

REVIEW  BY  PROViyCES  OR  STATES 

Neio  Brunsioick. — Data  are  not  at  hand  for  detailed  statistics  of  New 
Brunswick,  but  biotite-granites  are  not  lacking.  In  addition,  W.  D. 
Matthew  *  has  described  a  dioritic  granite  from  Saint  John.  It  is  in 
close  association  with  gabbro,  possibly  as  a  local  differentiation  product 
from  a  single  parent  magma.  Geological  descriptions  of  other  areas  have 
been  prepared  by  L.  W.  Bailey  and  G.  F.  Matthew .f  and  by  G.  F.  Mat- 
thew alone.t 

♦  W.  D.  Matthew  :  The  intrusive  rocks  near  Saint  John,  Now  Brunswick.    Trans.  N.  Y.  Ac«demy 
of  .Soiences,  vol.  xiii,  1804,  p.  185. 
t  Geological  Survey  of  Canada,  187()-'7l,  p.  180. 
ildem.,  187(>-'77,  p.  345. 
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Mahxe. — Biotite-granites  are  especially  prominent  in  Maine,  and  the 
figures  above  given  are  the  more  significant  because  the  data  are  more 
complete  than  are  those  of  many  of  the  other  states.  The  quarries  in 
the  interior  are  less  developed  than  are  those  on  the  seacoast,  and  it 
may  be  that  hornblendic  varieties  are  relatively  more  abundant  away 
from  the  ocean.  The  one  hornblende-granite  cited  in  the  table  occurs 
at  Otter  creek,  Mount  Desert,  and,  as  remarked  by  G.  P.  Merrill,*  it  re- 
sembles the  red  Saint  George's  hornblende-granite  of  New  Brunswick. 
The  two  biotite-hornblende  granites  of  the  table  are  both  from  Saint 
George,  Knox  county.  In  the  southern  central  part  of  the  state,  Doctor 
Merrill  f  has  already  remarked  the  prevalence  of  the  biotite  granites  over 
all  other  varieties  in  Maine. 

There  is  a  very  considerable  literature  on  the  coastal  region  of  Maine, 
but  the  petrographical  characters  of  the  granites  are  not  often  referred 
to  in  detail.  G.  O.  Smith,  in  his  valuable  paper  on  the  '*  Geology  of  the 
Fox  Islands,''  1896,  p.  60,  gives  some  observations  on  the  rock  at  Vinal 
Haven. 

New  Hampshire. — In  the  granites  of  this  state  muscovite  is  a  frequent 
associate  of  biotite,  the  two  micas  appearing  together  about  as  often  as 
does  biotite  alone.  One  hornblendic  variety  is  known  at  the  famous 
intrusion  on  Mount  Willard,  in  the  Crawford  notch,  a  locality  that  has 
been  made  classic  by  the  work  of  Hawes.t  Four  pr  five  others  are  men- 
tioned by  Hawes  in  the  New  Hampshire  report,  and  about  as  many 
more  with  both  biotite  and  hornblende. 

Vermont, — In  Vermont  the  same  general  relations  hold  good  as  in  the 
states  just  noted.  Biotite-granites  are  now  known  to  occur  on  Mount 
Ascutney  in  association  with  very  acidic  augite-syenites  of  peculiar 
and  rather  complex  mineralogy.§ 

M(is9(ichii8eUs, — Hornblende-granites  are  relatively  more  prominent  in 
Massachusetts  than  in  any  other  state  of  the  Atlantic  border,  because  of 
the  peculiar  petrographic  characters  of  the  Tocks  to  the  north  and  south 
of  Boston.  The  Quincy  hornblende-granite  is  one  of  our  best  known 
building  stones,  but  its  detailed  microscopic  characters  have  not  received 
much  attention  until  recently.  The  presence  of  the  soda-am phibole 
riebeckite,  as  finally  determined  by  H.  S.  Washington,  distinguishes 
it  from  the  ordinary  run  of  granites  and  suggests  connections  with 

*G.  p.  Merrill :  Od  the  collection  of  Maine  building  stoneH  in  the  U.  S.  National  Museum.  U.  S. 
Nat.  Mu8.  Proceedings,  vol.  vi,  1883,  pp.  178-183. 

t(T.  p.  Merrill :  Stones  for  building  and  decoration,  second  edition,  pp.  2.36-245. 

Vi.  W.  Hawes:  The  Albany  granite  and  its  contact-phenomena.  Amer.  Jour.  8ci.,  Jan.,  1881,  p. 
-1.    Report  on  the  lithology  of  New  Hampshire.    N.  H.  Geol.  Survey,  vol.  iii,  1878,  p.  190. 

iThe.\»cutney  rocks  are  novr  under  investigation  hy  R.  A.  Daly.  Several  analvries  have  been 
P'lhliuhed  (Bull.  148,  U.  S.  Geol.  Survey,  pp.  68H59),  and  Mr  Duly  gave  verbally  some  details  of  the 
rocks  in  the  discusaion  of  Professor  Cushing's  paper,  which  appears  elsewhere  in  this  volume. 
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the  curious  assemblage  of  eruptives  that  come  to  the  surface  on  Cape 
Ann.* 

Dr.  Washington  has  called  the  latter  the  "  Petrographical  Province  of 
Essex  County,"  and  in  this  way  has  emphasized  the  peculiar  characters 
of  the  region.  The  granites  in  the  central  part  of  the  state  are  more 
like  those  elsewhere  in  New  England. 

Rhode  Island  and  ConnectictU. — These  states  have  been  suflSciently  de- 
scribed in  the  main  part  of  this  paper. 

New  York, — Only  granites  in  the  southeastern  part  of  New  York  are 
here  considered.  A  number  of  intrusions  of  a  more  or  less  pronounced 
dioritic  character  have  been  noted  by  F.  J.  H.  Merrill  and  his  assistants 
in  the  schistose  or  gneissic  rocks  of  Westchester  and  New  York  counties.T^ 
Kemp  and  Hollick  have  remarked  the  dioritic  character  of  the  granite  at 
mounts  Adam  and  Eve,  in  Orange  county.  Some  biotite  is  present  in 
the  rock,  but  it  is  a  minor  component.  One  can  not  say,  in  the  present 
state  of  our  knowledge,  to  what  extent  intrusive  granites  may  enter  into 
the  crystalline  complex  of  the  Highlands  of  the  Hudson,  but,  so  far  as 
information  is  at  hand  regarding  the  undoubted  eruptive  rocks  of  this 
section  of  New  York,  it  may  be  stated  that  the  granites  depart  notably 
from  the  prevailing  biotite-granites  of  the  coast. 

New  Jersey, — True  granites  as  distinguished  from  gneisses  are  not  prom- 
inent in  this  state.  Some  of  a  more  or  less  pegmatitic  nature  have  been 
long  known  in  the  belt  of  white  crystalline  limestone  of  Sussex  county, 
and  Wolff  and  Brooks  J  have  identified  the  **  Losee  Pond  granite  "  as  an 
important  member  in  the  pre-Cambrian  crystallines  lying  e^t  of  Franklin 
furnace.     It  is  a  binary  (that  is,  quartz  and  feldspar)  granite.§ 

Pennsylvania, — Pre-Cambrian  gneisses  are  extensively  developed  in 

*  The  petrography  of  the  Quincy  granite  hau  been  net  forth  in  det-uil  by  T.  G.  White  in  the  fol- 
lowing paper :  **A  contribution  to  the  petrography  of  the  Boston  Basin."  Proc.  of  the  Boston  Si»'. 
of  Nat.  Hist.,  vol.  xxviii,  1897,  p.  117.  Mr  White  gives  a  complete  bibliography.  Doctor  Washing- 
ton has  added  an  important  note  on  riebeckite  :  "  Soelvsbergite  and  Tin guait^'>  from  Kasex  rounty. 
Massachusetts.'*  Amer.  Jour.  Sci.,  August,  1898,  p.  180.  Doctor  Washington's  most  imponaiu 
contribution  to  the  petrography  of  the  region  will  be  found  in  a  series  of  papers  entitled  tht 
'*  Petrographical  province  of  Essex  county,  Massachusetts,'*  which  began  in  the  Journal  of<.n'u!- 
ogy,  vol.  vi.  No.  8,  November-December,  1898.    A  full  bibliography  is  given. 

fF.  J.  H.  Merrill :  The  geology  of  the  crystalline  rocks  of  southeastern  New  York.  Report  of 
the  New  York  State  Museum,  189G,  p.  30. 

H.  Ries  :  On  a  granite-diorite  near  Harrison,  Westchester  county.  New  York.  Trans.  N.  Y.  Acad. 
Sci.,  vol.  xiv,  1895,  p.  80. 

J.  F.  Kemp  and  Arthur  Hollick  :  The  granite  at  mounts  Adam  and  Eve,  Warwick,  Orange  county. 
New  York,  and  its  contact  phenomena.    Annals  N.  Y.  Acad.  Sci.,  vol.  vli,  1894,  p.  638. 

t  J.  E.  Wolff  and  A.  H.  Brooks  :  The  age  of  the  Franklin  white  limestone  of  Sussex  county.  New 
Jersey.    XVIII  Ann.  Rep.  Director  U.  S.  Geol.  Survey,  part  ii,  p.  431. 

g  It  is  to  be  regretted  thatC.  R.  Keyes  and,  following  him,  E.  B.  Matthews,  in  the  references  giv^n 
below  under  Maryland,  have  employed  "  binary  granite  "  for  a  granite  with  both  micas.  ltsu$«for 
granites  connisting  of  only  quartz  and  feldspar  has  been  so  long  established  in  the  older  text-books 
that  a  change  in  the  meaning  only  creates  confusion. 
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eastern  Pennsylvania,  but  regarding  massive  granites  little  information 
is  recorded. 

Maryland. — The  granites  -  of  Maryland  conform  quite  closely  to  the 
biotitic  types.    They  show  some  variation  from  them  in  the  presence  of 
epidote  in  such  relations  that  it  is  regarded  as  an  original  mineral  by 
C.  R.  Keyes.    Biotite  is,  however,  always  associated  with  it.    Muscovite- 
granites  are  quite  uncommon,  and  varieties  with  hornblende  are  notice- 
ably rare.    The  chemical  composition  of  the  Maryland  *  granites  has 
been  more  fully  investigated  than  that  of  other  states  as  yet.    Seven 
analyses  in  all  are  available.    They  vary  somewhat  widely  in  the  amounts 
of  potash,  soda,  and  lime  which  are  present.     In  but  two  cases,  namely, 
Woodstock  and  Brookville,  does  the  molecular  ratio  of  potash  exceed 
that  of  soda,  and  then  only  slightly.     In  the  others  the  molecular  ratio 
of  the  soda  is  in  marked  excess,  and  in  the  Port  Deposit  stone  it  is  nearly 
three  times  as  much     In  these  latter  cases  the  granites  exhibit  tendencies 
toward  the  quartz-mica-diorites. 

Virginia, — So  far  as  recorded,  the  Virginia  granites  are  all  of  the  bio- 
titic type.  Both  in  the  hand  specimen  and  in  thin-section  they  resemble 
the  finer-grained,  gray  biotite-granites  of  the  areas  further  north. 

North  Carolina. — Granites  are  abundant  in  this  state  and  are  quite 
extensively  quarried.  The  Tenth  Census  did  not,  however,  tabulate 
the  determinations  of  them.  G.  P.  Merrill  f  has  given  some  notes  upon 
their  character  and  distribution,  but  not  always  with  mention  of  the 
mineralogy.  Statistics  can  not,  therefore,  be  compiled,  but  it  is  apparent 
from  this  record,  and  the  writer  has  also  learned  from  his  colleague, 
Doctor  A.  A.  Julien.  whose  acquaintance  with  the  petrography  of  North 
Carolina  is  extensive,  that  biotite-granites  are  abundant,  and  that  other 
varieties  are  also  present. 

South  Ckirolina. — Granites  are  known  to  occur  in  South  Carolina,  but 
their  mineralogic  cljftiracters  are  not  yet  a  matter  of  record. 

Georgia, — In  two  localities  in  Georgia  muscovite-biotite-granites  are 
extensively  quarried,  Stone  mountain  and  Lithonia.  The  huge  doming 
ridge  of  Stone  mountain  is  in  fact  one  of  the  most  striking  geological 
phenomena  of  the  East.  Muscovite  prevails  over  biotite  in  the  rock, 
although  the  latter  is  fairly  abundant.     There  are  doubtless  many  other 

•Ct.  H.  Williams:  The  general  rolationH  of  the  granitic  rocks  of  the  middle  Atlantic  Piedmont 
plateau.    XV  Ann.  Rep.  Director  U.  S.  Geol.  Survey,  18«o,  p.  667. 

('.  R.  Keyes  :  Origin  and  relations  of  the  central  Maryland  granitex.    Idem.,  p.  666. 

G.  P.  Grimsley  :  Granite  of  (^ecil  county,  in  northea.stern  Maryland.  Jour.  Cincinnati.  Soc.  Nat. 
Hist.,  vol.  xvii,  1894,  pp.  5(Mi7,  87-114. 

E.  B.  Matthews :  Report  on  Maryland  building  stones.  Maryland  Geological  Survey,  vol.  ii,  1898, 
pp.  136-160.    Doctor  Matthews  also  gives  an  excellent  bibliography  on  p.  131. 

t  Stones  for  building  and  decoration,  1897,  pp.  257-260. 
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granites  in  the  pre-Cambrian  complex,  but  of  their  particular  cbaracteis 
the  writer  is  unable  to  speak.    The  same  is  true  of  Alabama. 

Resume 

In  resume,  it  may  again  be  emphasized  that  there  is  a  great  and  wide- 
spread development  of  granites  along  the  Atlantic  coast  or  near  it.  The 
granites  have  been  intruded  to  our  certain  knowledge  at  several  different 
geological  periods ;  but  allowing  for  the  considerable  variation  that  is 
present  in  some  regions,  there  is  a  striking  predominance  of  bioiite- 
granites  over  all  others,  and  among  the  rest  there  is  a  much  greater 
abundance  of  varieties  allied  to  the  biotit6-granites  than  of  those,  such 
as  pure  hornblende-granites,  which  are  in  contrast  with  them. 

It  is  also  an  impressive  fact  that  throughout  much  the  same  region  a8 
that  which  contains  the  granites,  there  is  a  great  development  of  rocks  of 
the  gabbro  family  and  of  diabases.  While  the  surmise  is  quite  purely 
speculative  the  query  may  be  raised  as  to  whether  in  the  long  course  of 
geologic  time  some  great  parent  magma  has  not  given  rise  to  these  sev- 
eral fractions,  and  also  as  to  whether  the  abundant  pre-Cambriau  volcan- 
ics  of  rhyolitic  nature  may  not  be  the  effusive  products  which  correspond 
to  some  of  the  deep-seated  granites. 
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Field  of  Investigation 

During  the  past  two  seasons  I  have  been  engaged  in  making  a  de- 
tailed study  of  the  sedimentary  formations  of  a  portion  of  the  Black 

•Printed  by  permission  of  the  Director  of  the  United  States  Geological  Survey. 
LV— Boll.  Geol.  Soc.  Am.,  Vol.  10,  WH  (383J 
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hills  of  South  Dakota  and  Wyoming.  The  principal  observations  were 
made  in  the  southern  half  of  the  area,  but  some  atttention  was  given  t^ 
the  northern  extension  of  the  Mesozoic  formations.     The  fossil  fish  dt^ 


FiouEE  I.— Outline  Map  of  Black  ffiUs 


scribed  by  Doctor  Eastman  in  his  paper,  which  immediately  follows  this 
one,  were  discovered  in  1898  in  the  Jurassic  beds  near  Hot  Springs, 
South  Dakota,  near  the  southern  margin  of  the  region. 


General  Character  of  Black  Hills 

The  Black  Hills  uplift  is  an  irregular  dome-shaped  anticlinal,  having 
in  its  more  obvious  features  an  oval  area  120  miles  in  length  and  60 
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miles  in  breadth,  with  Its  larger  dimension  lying  nearly  northwest  and 
southeast.  It  is  situated  in  the  great  east-sloping  plain  that  extends 
from  the  Rocky  mountains  to  the  Mississippi  river.  It  has  brought 
above  the  general  surface  level  an  area  of  pre-Cambrian  crystalline 
rocks,  now  eroded  into  a  small  group  of  mountains,  on  the  flank  of 
which  is  exhibited  a  complete  sequence  of  the  Paleozoic  and  Mesozoic 
rocks  from  Cambrian  to  Laramie,  all  dipping  away  from  the  central 
nucleus.  The  region  is  one  of  exceptionally  fine  exposures,  which  afford 
rare  opportunity  for  a  study  of  stratigraphic  relations  and  variations. 
The  Jurassic  beds  are  seen  here  for  the  first  time  as  one  goes  westward 
across  the  United  States,  and  present  many  features  of  interest,  some  of 
wliich  will  be  described  in  the  following  pages. 

Previous  Investigations  of  Black  Hills  Jurassic  Beds 

The  existence  of  Jurassic  beds  in  the  Black  hills  was  first  ascertained 
by  Hayden,  who,  in  1857,  discovered  marine  fossils  which  were  identi- 
fied and  described  by  Meek.  Hayden's  descriptions  of  the  Jurassic 
beds  were  meager,  and  he  included  in  the  Jurassic  the  Red  beds,  and  at 
one  point  a  limestone  with  fresh-water  fossils  which  I  have  recently 
found  to  be  Tertiary. 

N.  H.  Winchell  visited  the  region  in  1874,  and  in  his  report  recorded 
a  few  general  facts  as  to  character  and  distribution  of  some  of  the  Juras. 
sic  beds  along  his  line  of  travel. 

Henry  Newton  made  a  very  much  more  extended  survey  of  the  Hills 
in  1875,  and  in  his  report  added  greatly  to  our  knowledge  regarding  the 
Jurassic  deposits.  He  described  a  number  of  typical  exposures  in  con- 
siderable detail,  but  attempted  no  classification  of  the  members.  His 
principal  statements  are  as  follows : 

"  The  Jura  of  the  Black  hills  consists  primarily  of  gray  or  ash-colored  clay  or 
marlsy  with  occasiopal  bands  of  green  and  red.     Interbedded  with  these  are  soft 
sandstones  more  or  less  argillaceous  and  a  few  restricted  bands  of  limestone.   .   .   . 
The  thickness    ...    is  about  200  feet,  l)ut  it  shows  a  remarkable  increase 
towards  the  north  and  northwest,  attaining  in  the  Belle  Fourche  valley  a  depth 
of  nearly  600  feet.     .     .     .     On  the  north  and  west  and  to  a  less  degree  to  the 
Houth  the  formation  is  well  exposed  and  characterized  by  a  greater  or  less  abun- 
dance of  fossils.    On  the  southeast  and  east  it  is  less  plainly  seen,  being  usually 
covered  by  a  broad  talus,  and,  so  far  as  examined,  it  was  not  found  to  be  fossilif- 
erous.     ...     It  was  found  impossible  to  base  a  subdivision  of  the  formation 
either  on  persistent  lithological  characters  or  on  the  distribution  of  fossil  forms. 
.    .     The  Jurassic  strata    .     .     .     are  always  easily  distinguished  from  the  Red 
beds.     .     .     .    Everyw^here  a  large  portion  of  the  formation  is  composed  of  sand- 
stones which  are  nsuallj'  light  in  color  and  even  sometimes  a  snowy  whiteness." 
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The  upper  limit  of  the  Jura  is  so  placed  by  Newton  in  most  cases  a* 
to  comprise  only  the  beds  containing  Jurassic  molluscan  remains,  but 
in  places  it  includes  a  greater  or  less  amount  of  overlying  sandstones. 

Several  years  ago  0.  C.  Marsh  collected  saurian  remains  from  the 
shales  overlying  the  marine  Jurassic  beds  near  Piedmont,  on  the  east 
side  of  the  Hills.  He  also  obtained  through  a  local  collector  a  large 
number  of  cycads  from  the  sandstone  near  Piedmont  and  other  placw 
which  was  classified  as  Dakota  by  Newton.  The  saurian  remains  are 
Jurassic,  but  Marsh  *  has  been  disposed  also  to  regard  the  cycads  as  the 
same  in  age. 

The  cycad-bearing  sandstones  have  been  examined  by  L.  F.  Ward  at 
several  points  in  the  Hills,  and  W.  P.  Jenney  has  collected  many  plants 
from  coals  associated  with  these  sandstones  in  the  northern  Hills.  It 
is  Ward '9 1  opinion  that  this  flora  is  Lower  Cretaceous. 

In  1898  I  discovered  saurian  bones  at  or  near  the  cycad  horizon,  at 
Buffalo  gap,  as  announced  to  this  society  in  December  of  that  year. 
Doctor  Lucas,  who  is  studying  the  bones,  is  not  prepared  to  give  a  decide*! 
opinion  as  to  whether  they  are  early  Cretaceous  or  late  Jurassic,  but 
they  would  usually  be  regarded  as  Jurassic;  so  it  is  that  the  upper 
limit  of  the  Jurassic  in  the  Black  hills  is  perhaps  open  to  question. 
This,  however,  need  not  be  discussed  in  the  present  paper,  as  it  will  Iw 
treated  by  Doctor  Lucas  and  the  writer  in  a  later  communication. 

Relations  of  the  Base  of  the  Jurassic 

The  base  of  the  Jurassic  is  clearly  defined  throughout  the  area  of  the 
Hills  by  an  abrnj)t  change  in  the  character  of  the  sediments,  more  or 
less  slight  erosion,  and  the  evidence  of  an  entirely  different  history  from 
that  of  the  underlying  Red  beds.  Some  features  of  the  Jura-Trias  con- 
tact are  shown  in  the  tw^o  figures  of  plate  44  (page  393). 

Classification,  Composition,   and    Nomenclature    of   Black    Hills 

Formations 

From  the  result  of  my  recent  study  it  appears  desirable  to  formulate 
the  following  classification  and  nomenclature  for  the  Black  Hills  Juras- 
sic and  adjoining  formations : 

*Ara.  Jour.  Si-ience,  4th  8orioH,  vol.  0,  p.  107. 

t  Journal  of  (tool.,  vol.  2,  pp.  2r)0-2Cf.,  and  19th  Annual  Report  U.  S.  Geological  Survey,  P«rt  H 
pp.  521-958. 
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Age,  Formation.  Frincipal  eomponrnta. 

Lower  CretaGeous (or  Jurassic?). .  Lakota Coarse  buff  sandstones  with    fire- 
clays and  local  coal  beds. 

Beulah *' Allan tosaurus    beds;''     gray    to 

green  shales. 

Jurassic Unkpapa. .  Fine-grained    massive   sandstones, 

pink,  white,  buff,  or  purple. 

Sundance..  Green  shales  and  thin  bedded  sand- 
stones. 

Triassic , Spearfish . .  Red  beds. 


In  the  following  table  are  given  the  thickness  of  the  three  Jurassic 
formations  at  localities  where  typical  sections  were  studied  : 


Locality. 


Cas>oade  Springs 

Southeast  of  Hot  Springs, 

£ast  of  Hot  Springs 

Buffalo  Gap 

FuHon  creek 

Lame  Johnny  creek  ... 

French  creek 

Dry  creek 

Spring  creek 

Belle  Fourche  valley 

Cambria 

Minnekahta 


Sundance 
formation. 


400 
220 
242 
230 
350 
2^4 
150 
60-80 
220 

280' 
300 


Unkpapa 
sandstone. 


50+ 
225 
160 
120 
100 

80 
100 

90 

40 
Absent 


Beulah 
shales. 


Absent 

(t 

n 
It 
tl 
tt 
it 
(< 

100 

*  Ycin-f 

60 


Total. 


450 
445 
402 
350 
450 
364 
250 

175: 

360 
550 
380- 
350 


Sundance  Fokmation 


GENERA  L    CHA  RA  CTBRISTICS 

■ 

This  member  of  the  Jurassic  extends  continuously  around  the  Black 
Hills  uplift,  and  throughout  its  course  presents  characteristics  by  which 
it  can  be  easily  recognized.  It  carries  abundant  marine  fossils,  not 
only  to  the  north,  as  stated  by  Newton,  but  in  profusion  also  around 
the  zone  of  outcrops  to  the  south.  The  formation  comprises  shales  and 
sandstones,  in  greater  part  in  alternating  series  which  vary  somewhat 
in  relation  in  different  portions  of  the  region.  The  shales  are  mainly 
dark  green  and  the  sandstones  i)ale  buff  in  color,  but  there  is  an  inter- 
mediate member  of  sandy  shales  and  sandstones  of  reddish  color,  and 
often  a  local  basal  member  of  red  sandstone.  The  shales  usually  in- 
clude thin  layers  of  limestone  which  are  always  highly  fossiliferous. 
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Fossils  also  occur  in  the  sandstone.     The  remains  are  mollascan,  with 
the  exception  of  Pffiitacrinaides  aristiciis,  and  bone  fragments. 

FOSSILS  OF  THE  FORMA  TION 

The  following  is  the  list  of  the  fossils  so  far  reported : 

AmmoniitB  cordiformis  PUuromya  newloni 

Ammonites  Jienryi  Protocardium  shumardi 

A  starte  fra  gilts  Psammobia  prematura 

Attarte  inomala  PseudomonotU  carta 

Atterias  dubium  Pseudomonotis  orHculata 

AviciUa  mtuTonata  RhyruihoneUa  gnathophora 

Belemniies  densus  KhynclumeUa  myrina 

Camptonedes  bellistriatm  Saxicava  jurasnca 

Campionectes  extenuatus  Tancredia  xguiUUercdis 

Dosinia  jurassica  Tancredia  bulbosa 

GervUlia  recta  Tancredia  corbuUformis 

Grammatodon  inomaius  Tancredia  inomala 

LingiUa  brevirdstris  Tancredia  postica 

Lioplacodus  vetwmuB  Tancredia  warrenana 

MyacUes  nebrascengis  Thracia  arcuata 

MytiliAS  whiiei  Thracia  subleijts 

Nesera  longirostris  Trapezium  bellefourdiensis 

Ostrea  engelmanni  Trapezium  suhequalis 

Ostrea  strigilecula  IHgonia  conradi 

Pecten  ne^vberryi  Unio  nucalis 

Pentacrinus  agteriscus  Valvata  acarbrida 

Pholodomya  humilis  Viviparus  gilli 

Planorbis  vetumtu  Vohella  pertenuis 

GEOLOGICAL  SUCCESSION  AT  VARIOUS  LOCALITIES 

Vicinity  of  Catholicon  Spinngs  hotel,  Hot  Springs, — The  stratigraphic  varia- 
tions of  the  formation  were  traced  with  care,  but  the  vertical  distribution 
of  the  fossils  has  not  as  yet  been  determined.  Certain  members  of  the 
formation  are  of  general  occurrence,  andthere  are  others  which  are  less 
persistent.  The  succession  of  the  lower  dark  shales,  a  slabby ,  buff,  ripple- 
marked  sandstone  next  above,  a  reddish,  sandy  shale,  and  an  upper 
green  shale  with  fossiliferous  limestone  layers,  is  continuous  over  a 
wide  area.  At  the  base  of  the  formation  there  is  often  a  massive  sand- 
stone of  red  or  buff  color  occurring  in  extended  lenses  and  often  attain- 
ing a  thickness  of  25  feet.  Next  above  are  the  shales  just  mentioned; 
and  it  is  in  the  sandy  layers  at  the  base  of  these  shales,  near  Hot 
Springs,  that  I  discovered  the  fossil  fish  described  by  Doctor  Eastman 
in  his  paper  which  follows  mine.  The  locality  is  about  one  mile  east- 
southeast  from  the  Union  railroad  station,  or  one-half  mile  south  of  the 
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Catholicon  Springs  hotel.  It  is  in  a  sinall  draw  ^hich  heads  in  the 
sandstone  ridge  lying  east  of  the  Red  Bed  valley.  The  succession  here 
is  as  follows: 

Unkpapa  sandstone. 

Green  shales  with  belemnitea,  etc 80  feet  thick. 

Red  sandy  shales 80  " 

Greenish  shales  and  thin  sandstones 8  *' 

JBuff,  slabby,  ripple-marked  sandstone 15  " 

Limestone  filled  with  ostreas    10  ** 

Green  shales,  very  sandy 21  ** 

Soft,  thin-bedded  sandstone,  fish-bearing  layer 4  *^ 

Buff  sand 2  ** 

Red  beds. 

The  huff  sand  lies  on  a  slightly  eroded  surface  of  the  Red  beds.  To 
the  north  and  to  the  south  it  thickens  and  becomes  a  conspicuous  bed 
of  red  to  buff  sandstone.  The  limestone  with  Ostrea  is  a  local  lense  not 
found  elsewhere.  The  fish  appear  to  occur  only  on  the  surface  of  one 
of  the  sandstone  layers  about  ten  inches  above  the  top  of  the  buff  sand. 
Although  extensive  excavations  were  made,  only  a  small  lot  of  material 
was  found.  A  fairly  extended  scanning  of  the  same  horizon  in  the 
vicinity  revealed  only  an  occasional  fish  scale. 

Hot  Springs  vicinity. — Near  Hot  Springs  there  is  considerable  strati- 
graphic  variation  in  the  Sundance  formation.  The  general  average  sec- 
tion is  as  follows : 

Unkpapa  sandbtone. 

Green  shales,  belemnites ...  90  feet  thick. 

Red  sandy  slialea and  sandstones 80  *^  " 

Green  shales 8  "  *' 

Buff  slabby  sandstones,  ripple- marked 30  * '  ** 

Darkshalea 9  '*  " 

Red  massive  sandstone 25  "  " 

Red  beds. 

The  fossils  are  very  abundant,  both  in  the  calcareous  layers  in  the 
upper  green  shales  and  in  the  buff,  ripple-marked  sandstones.  They 
occur  in  some  of  t&e  other  beds,  but  in  much  less  number. 

Buffalo  Gap  vidnity.^-Ai  Buffalo  gap,  where  there  are  extensive  ex- 
posures, the  following  beds  are  seen  : 

Unkpapa  sandstone. 

Green  shales  with  thin  fossiliferous  limestone  beds. . .  100  feet  thick. 

Red,  sandy  shales  and  soft  sandstones 65 

Greenish  buff,  sandy  shales  and  thin  sandstones 15    ** 
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BuflTslabl^y  eandstones,  ripple-marked .  40  feet  thick. 

Pale  red,  massive,  soft,  cross-bedded  ^andetonee 7    **      " 

Purple  and  buff  sandy  clays  on  hard,  gray  sandstone. .       4-  "      ** 
Red  beds. 

Fiisan  Greek  locality. — In  the  vicinity  of  Fuson  creek  the  exposures  are 
not  sufficiently  complete  to  afford  a  complete  crosa-eection.  The  beds 
outcropping  are  8  feet  of  buff  sandstone  lying  on  the  Red  beds  and  over- 
lain by  15  feet  of  dark  gray  shales  with  thin,  interbedded  sandstones, 
which  are  succeeded  by  20  feet  of  buff,  slabby,  ripple-marked  sandstone. 
Some  distance  higher  on  the  slope  there  are  exposed  dark  green  shales 
with  abundant  belemnites  and  other  fossils  in  calcareous  layers.  The 
entire  thickness  to  the  base  of  the  Unkpapa  sandstone  appears  to  be 
about  35P  feet. 

Larne  Johnny  Greek  locality. — In  the  vicinity  of  Lame  Johnny  creek 
the  following  section  is  exposed : 

Unkpapa  sandstone. 

Buff  sandstone,  thin  bedded  below 15  feet  thick. 

Dark  shales  with  belemnites  and  other  fossils 90  '*  '* 

Buff  sandstones: 35  **  " 

Red  sandstones  and  sandy  shales 80  "  " 

Buff  slabby  sandstones,  ripple-marked 26-|-  *'  ** 

Black  shales 8  "  " 

Buff  sandstones 15  **  " 

Dark  shales 5  "  " 

Red  and  buff  massive  sandstone  10  *'  ^* 

Red  beds. 

Region  south  of  French  creek. — In  the  first  canyon  south  of  French  creek, 
nearly  due  west  of  Fairburn,  the  formation  is  seen  to  be  much  thinner 
than  it  is  elsewhere  in  the  region,  and  to  consist  of  very  arenaceous  ma- 
terials. In  the  fine  section  on  French  creek,  a  mile  north,  the  formation 
presents  more  of  its  usual  composition,  as  shown  in  the  following  sec- 
tion: 

Unkpapa  sandstone. 

Red  and  buff  soft  sandstone 20  feet  thick. 

Shales  with  few  thin  fossiliferous  sandstone  layers 60    *' 

Buff,  soft  sandstones  and  shales 20 

Massive,  buff  to  red  sandstone 30 

Red  beds. 

ft 

Dry  Greek  canyon. — In  the  canyon  near  the  head  of  Dry  creek,  north- 
west of  Fairburn,  the  Sundance  formation  is  represented  by  only  60  or 
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80  feet  of  beds  comprising  green  shales  above  and  thin-bedded  sand- 
stones below,  the  former  containing  abundant  fossils. 

S^puvw  Creek  locality, — On  Squaw  creek,  southwest  of  Hermosa,  the  for- 
mation comprises  a  thin  sandstone  at  the  base,  then  a  mass  of  shales  of 
dadc  color,  and  a  top  member  of  buif  and  yell9w  slabby  sandstone. 

Spring  Greek  locality, — On  Spring  creek  the  following  features  are  ex- 
posed : 

Unkpapa  sandstone. 

Buff  sandstone,  massive  above,  slabby  below 25  feet  thick. 

Green  shales  with  three  fossiliferous  layers  and  some 

thin  sandstones 75  **  ** 

Fftle  greenish,  soft,  massive,  argillaceous  sandstone. . .  25  '^  '* 

Pinkish,  massive,  soft  sandstone 6  "  *' 

Talus 50  •*  " 

Buff  slabby  sandstone,  ripple-marked 12  **  " 

Talus 20  **  " 

Greenish  shale 5  **  " 

Buff  sandstone 3  "  ** 

Red  beds. 

The  sandstone  at  the  top  of  this  section  is  a  very  conspicuous  member 
for  some  miles  on  either  side  of  Spring  creek,  and  it  appears  to  have 
developed  out  of  the  sandy  beds  which  usually  overlie  the  upper  green 
shales  southward.  It  is  possible,  however,  that  it  is  a  representative  of 
the  lower  portion  of  the  Unkpapa  sandstone  which  is  thin  in  this 
vicinity. 

Rapid  Creek  area, — Three  miles  southwest  of  Rapid  the  upper  buff  sand- 
stone above  referred  to  has  a  thickness  of  26  feet,  and  it  is  underlain  by 
a  thick  mass  of  green  shales  containing  belemnites  and  other  fossils. 

In  the  vicinity  of  the  gap  on  Rapid  creek  west  of  Rapid  and  for  some 
miles  north  the  exposures  of  the  Sundance  beds  are  not  continuous  so 
as  to  give  a  satisfactory  section.  Shales  of  buff,  gray,  and  green  color, 
with  intercalated  beds  of  sandstones  and  fossiliferous  limestones,  are  the 
principal  features. 

Locality  at  Cascade, — Returning  to  the  region  south  of  Hot  Springs, 
there  is  found  at  Cascade  a  fairly  complete  section  of  the  Sundance  beds 
having  a  thickness  of  400  feet.  They  comprise  from  the  top  a  succes- 
sion of  green  shales  with  fossil-bearing  layers,  a  considerable  thickness 
of  red  sandy  shales,  the  usual  heavy  bed  of  buff,  slabby,  ripple-niarked 
sandstone,  60  feet  of  green  shales,  and  a  basal,  red,  massive  sandstone 
lying  on  the  Red  beds. 

LVI— Bull.  Geol.  Soc.  Am.,  Vol.  10,  1898 
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SotUhem  margin  of  uplift, — Along  the  southern  margin  of  the  uplift 
there  are  extensive  exposures  of  the  Jurassic  beds  which  present  inter- 
esting featureis.  The  following  section  made  near  Minnehahta  Station 
is  typical  for  a  wide  area  : 

Beulah  shales. 

Grayish  ^reen  shales  with  thin  fossiliferons  limestone 

layers 105  feet  thick. 

Ked  sandstone  with  some  red  and  green  shales 75 

Pale  greenish  buff  sandstones,  thin  bedded 10 

Pale  grayish  green  shales... 10 

Buff,  flaggy  sandstones,  ripple-marked 35    '* 

Gray  shales 40 

Red  sandstone,  coarse,  massive,  fossiliferons 25    *' 

Red  beds. 

The  basal  red  sandstone  is  a  conspicuous  member  for  several  miles 
west,  but  towards  Pass  creek  it  finally  thins  out  and  disappears.  Its 
aspect  near  Red  canyon  is  shown  in  plate  42,  which  shows  also  the  con- 
tact with  the  Red  beds. 

Vicinity  of  Newcastle  and  Cambria, — Along  the  western  slope  of  the 
Black  Hills  near  Cambria  the  formation  presents  the  following  average 
section : 

Beulah  shales. 

Green  shales  with  fossiliferons  calcareous  layers 120  feet  thick. 

Red  sandy  shales 50    **       ** 

Thin  sandstone  and  shales 25    "       " 

lAfg,ht  buff,  slabby  sandstone,  ripple-marked 25 

Greenis  hgray  shales    60 

Red  beds. 

These  features  continue  far  to  the  north,  with  some  variation  in  thick- 
ness and  minor  changes  in  local  included  beds.  The  deposit  as  a  whole 
])eci)me8  somewhat  more  arenaceous  and  thickens. 

Section  m  Belle  Fourche  valley. — The  following  section  in  the  Belle 
Fourche  valley  is  by  Newton.  It  includes  at  the  top  a  considerable 
thickness  of  the  Beulah  shales. 

Clay  or  marls,  yellowish  green  and  gray,  sometimes 
sandy,  with  streaks  of  purple  near  top 140  feet  thick. 

Sandstone,  brown,  lamellar 3    '*       ** 

Clay  or  marl,  brownish  and  sandy 15    **       ** 

IJmestone,  thin  stratum,  very  fossiliferous 

Clay  or  marl,  yellow  with  red  sandy  clay  at  base, 
exposure  not  complete 235    "       ** 
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Sandstone  yellow,  in  place  quite  red,  shaly  at  the 
top,  lower  part  massive. '. 50  to    75  feet  thick. 

Gray  or  marl  gray  and  greenish  with  pink  streak 
near  the  middle,  calcareous  at  base,  with  flint ; 
includes  an  impure  limestone  with  many  fossils.  120    **       '* 

Red  beds. 

Unkpapa  Sandstone 

This  formation  is  always  clearly  separable  both  from  the  Sundance 
shales  below  and  the  Beulah  shales,  or  Lakota  sandstone,  above.  It  is 
a  massive,  fine-grained  sandstone,  varying  in  color  from  white  to  purple 
and  buff.  Its  greatest  development  is  in  the  foothill  ridges  or  "hog- 
backs "  east  of  Hot  Springs.  Its  first  outcrops  southward  are  observed 
at  Cascade  Springs,  and  it  extends  continuously  from  that  region  past  Hot 
Springs  all  along  the  eastern  side  of  the  Hills,  with  its  thickness  dimin- 
ishing north  of  Buffalo  gap.  Some  of  its  exposures  east  of  Hot  Springs 
are  very  striking  in  their  brilliant  coloring  of  pink,  purple,  and  pure 
white.  The  thickness  is  greatest  in  Shep's  canyon  southeast  of  Hot 
Springs,  where  225  feet  were  measured.  In  three  of  the  canyons  between 
Fall  river  and  Bufialo  gap  it  has  been  quarried  to  some  extent  for  build- 
ing stone.  One  of  these  quarries  is  shown  in  figure  2,  plate  43.  Portions 
of  the  rock  are  banded  with  various  colors  in  the  most  beautiful  manner, 
in  part  along  the  stratification  planes,  but  often  diagonal  to  them.  In 
the  quarry  west  of  Buffalo  gap  these  banded  beds  exhibit  minute  fault- 
ing, affording  fine  illustrations  of  block  fault  phenomena.  The  sandstone 
ia  characterized  in  general  by  its  fine  grain  and  very  massive  but  uniform 
texture.  Contacts  with  the  overlying  buff  sandstone  of  the  Lakota  for- 
mation are  frequently  exposed,  and  they  are  seen  to  be  marked  by  con- 
siderable unconformity  by  erosion  (see  plates  43  and  44). 

Beulah  Shales 

This  Jurassic  member  has  been  designated  the  Atlantosaurus  beds  by 
Marsh  and  others,  but  recently  Mr  W.  P.  Jenney,*  in  describing  some 
of  the  overlying  formations  in  the  northern  Hills,  has  named  it  the 
Beulah  shales.  It  is  a  member  that  has  yielded  the  remains  of  a  num- 
ber of  large  saurians  collected  by  Professor  Marsh  on  the  north  side  of 
Piedmont  butte.  This  formation  was  regarded  by  Marsh  as  unques- 
tionably Jurassic  in  age,  a  view  which  has  been  generally  accepted. 
The  Beulah  shales  first  make  their  appearance  northwest  of  Hermosa, 

^'IDth  Annual  Report  of  the  U.  S.  Geological  Survey,  part  II,  p.  593. 
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lying  between  the  Unkpapa  sandstone  and  the  Lakota  formation.  They 
thicken  rapidly  in  their  extension  northward  and  pass  around  the 
northern  and  western  side  of  the  Hills  as  a  prominent  member  of  the 
series. 

Beyond  the  edge  of  the  Unkpapa  sandstone  they  lie  conformably 
on  the  Sundance  formation,  and  owing  to  the  similarity  of  materials 
might  not  be  readily  separated  if  their  true  relations  had  not  been  de- 
termined on  the  east  side  of  the  Hills.  They  extend  along  the  west^^rn 
side  of  the  uplift  and  finally  thin  out  north  of  Edgemont.  Tlie  ma- 
terial of  the  formation  is  mainly  a  dark-colored  shale,  much  more  fissile, 
and  darker  to  the  east  than  to  the  north  and  west.  From  Sundance  to 
Cambria  and  Minnekahta  they  are  a  light  greenish-gray,  somewhat 
massive  mixture  of  gray  clay  and  sand.  They  are  moderately  consoli- 
dated and  crumble  more  or  less  on  weathering.  In  this  area  some  of 
the  beds  exhibit  purple  tints.  A  few  thin  sandstone  beds  are  included 
throughout. 

History  of  the  Jurassic  Deposits 

The  geologic  history  of  the  Jurassic  deposits  in  the  Black  Hills  region 
can  be  outlined  in  a  general  way.  They  represent  conditions  of  deposi- 
tion intermediate  between  those  under  which  the  Red  beds  were  laid 
down  and  those  which  gave  rise  to  the  Lakota  and  Dakota  sandstones- 
The  Black  Hills  have  been  a  nucleus  of  uplift  and  subsidence  for  a  long 
period,  but  the  sequence  of  events  appears  to  have  been  about  the  same 
as  in  the  Rocky  Mountain  region  in  general.  At  the  end  of  the  period 
in  which  the  Red  beds  were  deposited,  there  was  an  uplift  of  the  entire 
Black  Hills  area,  with  slight  erosion,  mainly  by  planation  of  the  red 
deposits.  Then  followed  submergence,  with  sandy  shores  on  which  ac- 
cumulated the  materials  of  the  massive  red  sandstones  that  are  now 
exposed  as  the  basal  Jurassic  beds  in  a  portion  of  the  region.  As  this 
submergence  continued  argillaceous  deposition  became  almost  general, 
and  the  materials  of  the  lower  shale  series  were  laid  down.  Early  in 
this  stage  there  were  deposited  the  thinly  bedded  sandstones  containing 
the  fish  described  by  Doctor  Eastman. 

The  next  stage  was  an  arrest  in  the  submergence  and  more  vigorous 
conditions  of  erosion  and  deposition,  giving  rise  to  the  beds  now  repre- 
sented by  the  widely  extended  series  of  buff*,  slabby  sandstones  usually 
prominently  ripple-marked.  In  the  next  stage  the  conditions  were 
much  more  diverse  in  different  portions  of  the  region,  affording  deposits 
now  represented  by  alternating  shales  and  sandstones  with  included 


HISTORY   OF   THE   JURASSIC   DEPOSITS  395 

red  beds  in  most  areas.  Next  came  much  deeper  waters  and  extensive 
clay  deposition.  At  this  time  organic  life  was  particularly  abundant, 
and  thin  layers  of  calcareous  deposits  were  developed.  Following  this 
came  sandy  deposition,  cuhninating  in  the  accumulation  of  beds  now 
represented  by  the  Unkpapa  sandstone,  which,  as  above  defscribed,  has 
in  places  a  thickness  of  225  feet.  Apparently  the  area  of  deposition 
at  this  time  was  to  the  east  and  southeast,  for  there  is  no  evidence  of 
degradation  of  the  Unkpapa  beds  where  the  formation  thins  out  to 
the  west 

The  Unkpapa  sands  were  deposited  in  relatively  quiet  water,  for  the 
material  is  uniformly  fine-grained  and  rarely  shows  any  current-bed- 
ding.    Next  came  the  deeper  waters  in  which  were  deposited  a  wide- 
spread mantle  of  clay,  now^  represented  by  the  Beulah  shales.    Although 
these  shales  are  absent  in  the  southeastern  portion  of  the  Hills,  yet  it  is 
probable  that  they  were  originally  deposited  there  to  a  greater  or  less 
thickness  and  then  removed  by  erosion.    This  erosion  resulted  from 
the  uplift  which  constituted  the  next  stage.     How  extensive  the  degra- 
dation was  is  not  known,  but  it  has  given  rise  to  a  general  erosional 
unconformity  at  the  base  of  the  Lakota  sandstone,  the  next  succeeding 
deposit. 


FiGUBK  2. — Outline  of  History  of  Juraasie  Deposition  in  Black  Hills  Region. 

In  figure  2  an  attempt  has  been  made  to  represent  the  principal  stages 
in  the  cycle  of  events  above  described.  The  diagram  has  little  or  no 
quantitative  status,  but  it  shows  the  nature  and  general  sequence  of 
events. 

As  the  post-Jurassic  age  of  the  Lakota  formation  is  not  yet  definitely 
ascertained,  a  few  remarks  concerning  the  character  and  history  of  this 
series  may  be  in  order  here.  The  materials  are  mainly  ^coarse,  cross- 
bedded  sandstones  in  thick  masses,  with  intercalated  shales,  fine  clays, 
and  local  coal  beds.    They  represent  a  time  in  which  the  waters  were 
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shallow  and  strong  currents  prevailed  over  a  broad  area  of  the  West. 
These  currents  carried  and  deposited  a  series  of  widespread  sheet^^  of 
coarse  sands,  with  occasional  intercalations  of  pebbly  admixture.  There 
were  at  this  period  a  number  of  intervals  of  deeper  or  quieter  waters 
with  clay  deposition  and  local  uplifts,  giving  rise  to  shallow  surfsue 
basins  in  which  carbonaceous  deposits  were  laid  down. 
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Scarcity  of  fossil  Fishes  in  American  Jura-Trias  and  Juka 

As  contrasted  with  other  countries,  the  American  Jura-Trias  contains 
an  extraordinarily  meager  representation  of  fossil  fishes.  The  supi)osed 
Triassic  sandstones  of  the  eastern  United  States  yield  in  all  but  ftix 
genera  and  a  limited  number  of  species,  the  majority  of  which  are  im- 
perfectly preserved.  In  none  of  these  has  the  osteology  of  the  head 
been  satisfactorily  worked  out,  and  our  knowledge  of  skeletal  details  still 
leaves  much  to  be  desired.  The  existence  of  piscine  life  in  the  western 
Trias  is  indicated  by  sparsely  scattered  fragments,  nothing  more. 

An  even  greater  dearth  of  this  class  of  vertebrates  prevails  in  the  Amer- 
ican Jura,  standing  in  marked  contrast  to  its  wealth  of  reptilian  and 
mammalian  remains.     A  few  small  Dipnoan  teeth,  described  as  Cera- 


•This  paper  was  not  presented  before  the  Society  eitlier  by  rending  or  by  title,  but  was  ac- 
cepted by  the  Publication  Committee  as  a  dc^sirable  and  import^int  adjunct  to  Mr  iJtirton'N  pnper, 
which  precedes  it. 
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todies  guentheri  Marsh*  and  C.  robvstva  Knight,t  are  the  only  recognizable 
forms  which  have  been  discovered  up  to  the  present  time.  These  species 
are  from  the  Upper  Jura  of  Wyoming  and  Colorado,  but  aside  from  their 
evidence  as  to  the  widespread  distribution  of  the  genus  are  without 
special  significance. 

In  view  of  these  circumstances,  very  great  interest  attaches  itself  to 
the  discovery  by  Mr  N.  H.  Darton,  in  strata  determined  by  him  to  be 
basal  Jurassic,  of  several  complete  fishes  which  admit  of  detailed  com- 
parison with  other  forms,  and  furnish  corroborative  evidence  as  to  the 
age  of  the  horizon,  Mr  Darton  first  announced  his  discovery  at  the 
winter  meeting  of  the  Geological  Society  of  America  in  New  York  last 
December,  and  contributed  at  the  same  time  a  brief  account  of  the  stratig- 
raphy of  the  region.  About  a  dozen  specimens  were  exhibited,  all  from 
a  locality  three-quarters  of  a  mile  southeast  of  Hot  Springs,  South  Dakota. 
Later  the  material  was  generously  placed  in  the  hands  of  the  writer  for 
investigation,  and  although  a  brief  summary  of  the  results  was  read  be- 
fore the  Boston  Society  of  Natural  History  in  March  of  this  year,  the 
details  were  withheld  in  order  that  they  might  appear  in  conjunction 
with  Mr  Darton's  published  account  of  the  geology  of  the  Black  Hills 
district.  Another  reason  for  the  delay  was  the  hope  of  more  perfect 
material  being  discovered  during  field  work  of  the  present  summer;  un- 
fortunately, however,  this  anticipation  was  not  realized. 

The  only  other  descriptions  of  fossil^  fishes  from  the  Black  Hills  region 
are  those  contributed  by  Cope  J  in  1891,  the  horizon  being  doubtfully  in- 
terpreted on  the  evidence  of  the  fishes  themselves  as  Oligocene.  These, 
naturally,  are  foreign  to  the  present  subject. 

Description  op  the  more  perfect  Fossils; 
PholidopJwrm  aniericantis  E.  (plates  45-47) 

'*  Gracefully  fusiform,  upwards  of  15  centimeters  long,  the  head  forming  about 
one-fourth  the  total  length  and  slif^htly  less  than  maximum  depth  of  trunk,  dorsal 
arising  behind  pelvic  fins;  scales  not  seriated,  smooth,  nearly  rhomboidal,  over- 
lapping ;  flank-scales  not  especially  deepened,  several  series  of  ventral  scales  finely 
divided." 

The  specific  characters  were  summarized  as  above  in  a  paper  read 
before  the  Boston  Society  of  Natural  History,  an  abstract  of  which  ap- 
peared in  Science  %  for  May  5,  1899.    The  association  with  Pknlidophona 

♦  Amer.  Jour.  8ci.  [}\],  vol.  xv,  1878,  p.  76,  woodcut. 

flbid.  [4],  vol.  V,  18y8,  p.  186,  flgs.  1  and  2. 

J  Amer.  Naturalist,  vol.  xxv,  1891,  pp.  654-658  ;  Proc.  Amor.  Assoc  Adv.  Sci.,  vol.  xl,  1891,  p.  *55. 

I  Vol.  ix.  1899,  p.  642. 
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was  regarded  as  more  or  less  provisional  at  the  time,  for  the  reason  that 
the  cranial  osteology,  as  far  as  it  had  then  heen  worked  out,  showed 
anomalous  features.  It  was  observed  that  while  the  dentition,  outline 
of  head,  and  majority  of  body  characters  indicated  a  position  with  the 
PholidophoridaSj  the  arrangement  of  facial  bones  was  suggestive  oiEngna- 
thidas.  Inasmuch,  however,  as  the  sutures  between  the  thin  cheek-plates 
were  extremely  difficult  to  determine  and  their  homologies  therefore 
more  or  less  uncertain,  it  seemed  wisest  to  rely  upon  body  characters 
for  deciding  the  generic  affinities. 


Comparison  of  Family  Characters 

llie  problem  which  then  arose  has  not  yet  been  solved  by  the  acqui- 
sition of  more  perfect  material ;  Mr  Darton,  in  fact,  fears  that  the  fish- 
bearing  stratum  at  the  original  locality  is  exhausted,  and  he  has  not  been 
successful  in  discovering  fresh  outcrops.  A  word  or  two  may  be  offered 
to  explain  the  exact  nature  of  the  difficulty.  Such  forms  as  Eugnathus^ 
Heterolepidotus,  Caturus,  and  the  like  are  characterized  by  the  possession 
of  two  very  large  postorbitals  in  advance  of  a  narrow  preoperculum,  a 
ring  of  small  circumorbitals,  and  at  least  one  large  preorbital  plate.  All 
these  bones  are  moderately  robust  and  externally  enameled ;  in  most 
cases  they  are  also  more  or  less  ornamented.  In  the  Pholidophoridae,  on 
the  other  hand,  the  external  bones  are  very  delicate,  the  postorbitals  of 
relatively  small  size,  and  together  with  the  circumorbitals  completely 
cover  the  cheek.  The  preoperculum  is  a  large  and  mesially  broad  tri- 
angular plate ;  both  the  inter-  and  suboperculum  are  relatively  larger 
than  in  Eugnathidss,  the  latter  plate  being  separated  from  the  operculum 
by  an  oblique  suture.  Other  differences  between  the  two  families  are 
set  forth  in  the  following  table,  the  characters  being  compiled  from  A.  S. 
Woodward's  diagnoses :  * 


EugncUhtu,  HderoUpidotus^  etcetera 

Cranial  and  facial  bones  moderately 
robast,  usually  ornamented  with  tuber- 
culations  or  rugae ;  two  very  large  post- 
(or  sub-)  orbitals  in  advance  of  a  narrow, 
elongate  preoperculum ;  interoperculum 
small. 

Mandible  c<9mplex,  consisting  of  den- 
tary,  splenial,  coronoid,  and  angular  ele- 
ments; teeth  large,  in  more  than  one 
series ;  a  large  gular  plate  present. 


Pholidophorug 

External  bones  delicate,  smooth  or 
very  feebly  ornamented,  preoperculum 
triangular,  broad  mesially ;  interopercu- 
lum and  suboperculum  large,  the  latter 
divided  from  the  trapezoidal  operculum 
by  an  oblique  suture. 

Mandible  simple,  consisting  of  but 
two  elements  (coronoid  and  splenial  not 
observed) ;  teeth  minute  and  conical ; 
no  gular  plates. 


*  Catalogue  Fossil  Fishes  British  Museum,  part  iii,  1895. 
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Scales  tliiek,  rhombic,  alightly  over-  Scales  thin,   rliombic,   deeply  ove^ 

lappinK,  rugose  or  urentilateii  on  poste-  lapping,  utiiootli  or  feebly  oriianieiiI<«i : 

rior  liftir  of  each  ecale  on  part  uf  tlie  priticipHi  Bank  ecalea deeper  thanbroaii. 

boity  ;  principal  Hank  scalea  mrely,and  ventral  scales  in  jiart  broader  than  deep: 

then  only  in  |)art,  dee|>er  than  broad,  a  lai^  scale  at  the  baee  of  one  or  both 

several  series  of  ventral  scales  much  lobes  of  the  caudal,  and  three  siiRhily 

broader  than  deep ;  no  enlarged  scales  enlarfced  scales  around  the  Knus  al  ba^ 

on  dorsal  ridge  nor  in  vicinity  of  anus,  of  anal  fin. 

Lateral    line  inconspicuous ;    paired  Lateral  line  opening  by  widely  «ef>a- 

finswith  well  developed  baseosts.     Fin-  rated  la i^je  pores.     Paired  fina  wiilioui 

fulcra  conspicuous,  biaerial,  baseosts.     Fin'fulcra  delicate. 

Scrutinizing  tiie  charncters  of  Mr  Darton's  specimens  in  comparison 
with  the  above  table,  the  preponderance  of  evidence  is  seen  to  favor 
their  association  with  Pholidophori.     Hoarding  the  chief  inharmonious 


f-.;ature,  arrangement  of  facial  plates,  the  present  material  is  inconclusive; 
more  perfect  forms  may  compel  the  erection  of  a  new  Reiiue  with  lieail 
parts  resembling  Eiignnlhus,  and  partaking  of  the  body  characters  of 
Pholidophwm.  It  will  be  convenient  for  the  present,  however,  to  main- 
tain the  provisional  reference  to  tlie  latter  genus. 

This  species  is  not  the  only  one  to  occupy  an  anomalous  position  for 
kindred  reasons.  Certain  species  of  I'liolidophfiriis  and  Ophiojm  are 
united  by  Zittei*  under  tlic  new  generic  title  of  Isopholin..  The  heail 
fii;ure<l  by  him  as  I.  miieiiileri,  a  rejiroduction  of  which  is  given  herewith 
in  figure  1,  can  not  be  distinguished  from  Eugnnllius,  but  the  vertclrJi' 
ceiiira  are  stated  to  be  well  ossified,  a  condition  which  is  unknown  amoi'" 
Eugtiathidse  or   Pholidophori  die.     Agassiz's  PhoUdophorvs  longuemifo^ 

*  Hanabook  of  PHtsaatalagy,  vol.  [ii,  IHa7,  p.  2ie,  flgure  230. 
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and  Wapner's  P.  brevicetU  are  tranaferred  to  Istypholia  by  Zittel,  ami  to 
K'Kjnaihiix  by  Woodward.*  P.  creimlatiui  of  Egerton  is  retained  by  the 
laat- named  authority  among  the  Pholidophoridte  butby  Zittel  is  ranged 
alongside  of  /.  vtuenBUri. 


Fiotiai  t,—lfead  of  PSoIidopharut  maeroetplialui  Ag. 
From  lltliogntphic  ilateii  of  Eichelidt.  BsrHrla.    ct,  clnlcLs:  /r,  fronUI  ;  top,  InterDpercilllim  : 

!-iil-ur1iiUI ;  m;i.  stibopiTculum  (urisr  Zittel). 

7  heaeinstancesmerelyeraphasize  the  difficultiesof  effecting  a  trenchant 
separation  among  similar  or  anneotant  types.  Figures  1  and  2  will  serve 
ti)  ilhistrate  the  different  patterns  of  cranial  structure  in  EiigniUhua  and 
Pfiolliliipfwms  respectively,  and  also  as  a  key  for  distinguishing  the  cor- 
responding parts  in  plates  io-47. 

Method  of  prepaking  Illustrations  used 

Before  passing  to  a  detailed  descriptionof  parts,  a  word  should  be  said 
explanatory  of  the  illustrations. 

Plate  4.1  is  reproduced  from  photographic  negatives  without  retoucli- 
iiig  of  any  kind.  The  three  figures  whow  the  Mpecimens  just  us  they  were 
found,  and  are  very  nearly  of  the  natunil  size.  Figure  2  shows  the  right 
Hide  of  a  fish  preserved  in  counterpart,  the  opposite  half  yielding  a  very 
sharp  reverse  impressi(m,  and  employed  as  a  groundwork  for  plate  46, 
figure  2.  The  originals  of  plate  46,and  of  plate  47,  figure.'*  2, 3,  and  plate  48, 
figure  3,  are  all  in  the  form  of  counterpart  impressions.  They  were  first 
photographed,  and  the  positives  printed  very  light  on  platinum  paper. 
The  details  were  then  carefully  worked  out  in  India  ink  with  the  point 
ofabrush  by  the  well  known  artist,  Mr  J.  Henry  Rlake,  of  Ciimbridge- 
Figures  1,  4,  and  6  of  plate  47  (the  last  two  being  counterparts  of  the 
same  specimen)  and  figure  1  of  plate  48  are  reproduced  directly  from 
pliotographs  without  retouching.     Figure  2  of  plate  48  is  from  an  en- 
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larged  drawing  of  a  detached  scale.  In  no  case  has  anything  been  added 
to  the  drawings  which  was  not  clearly  indicated  on  either  the  original 
fossil  or  its  counterpart,  and  the  only  chance  for  inaccuracy  lies  in  the 
delineation  of  facial  sutures  in  plate  46.  It  is  almost  impossible  in  some 
cases  to  distinguish  the  latter  from  accidental  fractures.  To  a  limited 
extent,  therefore,  this  plate  stands  in  the  nature  of  a  restoration. 

Details  of  Body  Parts 

HEAD 

The  cranial  and  facial  bones  are  smooth  and  delicate,  those  of  the 
cranial  roof  forming  a  continuous  shield,  as  shown  in  plate  46,  figure  1. 
The  parietals  can  not  be  recognized  on  any  of  the  specimens  as  separate 
elements,  and  the  median  suture  of  the  frontals  is  straight,  making  the 
latter  a  symmetrical  pair.  The  snout  is  not  produced,  and  the  small 
premaxillflB  are  not  only  mesially  in  contact,  but  appear  to  be  fused  (plate 
47,  figure  2  above  the  mandible).  The  maxillse  are  stout  (plate  47,  fig- 
ure 3)  and  their  convex  oral  margin  provided  with  a  row  of  minute  t-eeth; 
the  vomer  and  supramaxillse  have  not  been  recognized  as  such.  The 
mandible  is  sipaple,  rounded  and  expanded  in  its  articulo-angular  por- 
tion (plate  46  and  plate  47,  figure  2).  The  orbits  are  large,  with  a  pecu- 
liar discoloration  of  the  matrix  in  the  center,  possibly  due  to  chemical 
change  of  salts  contained  within  the  eye  itself.  Surrounding  the  orbits 
is  a  ring  of  small,  regularly  disposed  circumorbitals  (plate  46,  figure  1), 
behind  which  are  two  moderate-sized  but  very  thin  postorbitals  (sub- 
orbitals), situated  one  above  the  other,  the  lowermost  being  somewhat 
the  larger. 

A  narrow  space  intervenes  behind  the  postorbitals,  separating  them 
from  the  opercujum  and  suboperculum,  and  extending  downward  and 
forward  as  far  as  the  mandible  (plate  46,  especially  figure  1).  This 
space  corresponds  in  position  to  the  preoperculum  and  is  remarkable 
for  its  narrowness.  The  operculum  considerably  exceeds  the  suboper 
culum  in  size,  is  irregularly  elliptical  in  shape,  apparently  convex  in 
some  specimens  (plate  46  and  plate  47,  figure  3),  and  in  one  at  least  is 
marked  by  faint  radiating  rugae  (plate  46,  figure  1).  The  suboperculum 
is  a  triangular  piece  with  rounded  outlines,  and  encroaches  over  all  the 
space  normally  occupied  by  the  interoperculum.  None  of  the  specimens 
show  the  latter  plate  as  a  separate  element,  and  to  all  appearances  the 
series  of  branchiostegal  rays  follows  immediately  beneath  the  sub-  and 
preoperculum.  There  are  about  14  laminar  branchiostegal  rays  in  the 
series  shown  in  plate  47,  figure  2,  and  a  lesser  number  are  visible  in 
plate  46,  figure  1. 
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Behind  the  opercular  apparatus  occurs  a  long  and  rather  large  arched 
clavicle,  traversed  by  longitudinal  striae.  Adjoining  it  are  to  be  seen  on 
one  or  two  specimens  impressions  of  postclavicular  scales,  which  are 
likewise  striated.    The  supraclavicle  is  not  distinguishable. 

FIN8 

The  dorsal  and  anal  fins  are  triangular  in  shape,  not  extended,  and 
of  about  medium  size,  the  dorsal  arising  slightly  behind  the  pelvic  fins, 
which  are  abdominal  in  position.  The  pectorals  are  much  larger  than 
the  pelvic  fins,  and  both  are  without  basal  supports.  Were  baseosts 
present,  they  could  hardly  fail  to  be  preserved  on  such  specimens  like 
those  shown  in  plate  46,  figure  1,  and  plate  47,  figures  1-3 ;  their  absence 
is  an  important  distinguishing  characteristic.  Another  minor  point  of 
difference  from  Eugnaihus  is  seen  in  the  regular  scale  arrangement  at  the 
base  of  the  deeply  forked  caudal  fin. 

Well  developed  fulcra  are  present  along  the  anterior  margin  of  the 
dorsal,  anal,  and  paired  fin?,  and  on  both  lobes  of  the  caudal.  The  rays 
of  the  latter  are  very  finely  divided  and  the  right  and  left  halves  liable 
to  displacement,  which  makes  them  difficult  to  count.  For  this  reason 
a  precise  radial  formula  cannot  be  given,  and  the  following  must  be  con- 
sidered as  merely  approximate : 

DIO;  C  26-28;  A12;  V9;  P  15. 

SCALES 

The  trunk  is  covered  with  thin,  smooth  ganoid  scales  of  rhombic  out- 
line, arranged  in  45  regular  oblique  series,  four  or  five  of  which  occu^  on 
the  tail,  and  in  about  22  longitudinal  series  counting  along  the  middle 
of  the  body.  The  principal  fiank  scales  are  somewhat  deepened  for  a 
variable  distance  behind  the  head,  but  their  depth  rarely  exceeds  twice 
their  breadth.  Several  series  of  ventral  scales  are  much  broader  than 
deep,  and  in  advance  of  the  anal  fin  are  much  subdivided.  The  prin- 
cipal flank  scales  are  united  by  a  peg-and-socket  articulation,  but  ^here 
is  no  evidence  of  a  vertical  rib  on  the  inner  face.  The  overlapped  border 
is  rather  narrower  than  in  most  Pholiphoridse. 

Several  large  postclavicular  scales  are  connected  with  the  clavicle,  and 
appear  to  have  been  covered  with  delicate  longitudinal  or  branching 
strise.  A  few  enlarged  scales  are  to  be  noticed  along  the  dorsal  and 
ventral  margins  of  the  caudal  pedicel  (plate  47  figure  2),  and  also  close 
to  the  anal  fin.  These  last  undoubtedly  mark  the  position  of  the  anus 
(plate  45,  figure  1 ;  plate  46,  figure  1).    Two  or  three  specimens  exhibit 
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the  lateral  line  distinctly;  it  is  very  well  shown  on  both  halves  of  the 
specimen  photographed  in  plate  47,  figures  4  and  5. 

DETAILS  OF  FIOURBD  SPECIMENS 

The  original  of  plate  45,  figure  1,  measures  13  centimeters  from  ex- 
tremity of  mandible  to  tip  of  ventral  lobe  of  the  tail,  and  its  maximum 
depth  is  3  centimeters.  Prominent  scale  features  are  the  fine  subdivision 
of  the  ventral  series,  enlarged  anal  and  striated  postclavicular  scales, 
also  the  peg-aqd-socket  articulation  shown  in  several  detached  flank 
scales.  The  facial  plates  are  fairly  distinct,  and  should  be  compared 
with  those  shown  in  plate  46,  figure  1 ;  also  with  the  wood  cuts  on  pages 
400  and  401. 

The  fish  shown  in  plate  45,  figure  2,  has  a  total  length  of  about  11.5 
centimeters,  and  maximum  depth  of  2.5  centimeters.  Its  impression  in 
counterpart  shows  various  details  more  clearly  than  the  actual  fossil, 
and  for  that  reason  was  employed  as  a  basis  for  the  partly  restored  draw- 
ing shown  in  plate  46,  figure  2.  The  most  perfect  example  of  all,  and 
therefore  selected  as  the  type  of  this  species,  is  represented  in  plate  46, 
figure  1.  It  is  preserved  in  the  form  of  an  impression,  the  opposite  half 
being  lost,  unfortunately.  The  total  length  is  about  13  centimeters,  and 
thatfef  the  head  2.5  centimeters,  which  is  slightly  less  than  the  maxi- 
mum depth  of  trunk.  This  specimen  shows  the  head  bones  better  than 
all  others,  but  still  leaves  much  to  be  desired.  The  cranial  roof  has 
been  displaced  upward,  exposing  the  dorsal  surface  of  the  parieto-frontal 
piece.  The  raised  median  line  evidently  represents  the  suture  between 
the  paired  frontals ;  here  it  is  straight,  but  in  Eugnathits  it  forms  a  wavy 
line,  and  the  frontals  are  unsy  mmetrical.  Indications  of  a  circumorbital 
ring  are  also  to  be  seen  on  this  specimen.  The  position  of  the  anus  is 
marked  by  two  enlarged  scales  befere  the  origin  of  the  anal  fin ;  the 
pelvic  is  not  preserved. 

Whether  the  original  of  plate  47,  figure  1,  should  be  included  in  the 
same  species  with  the  rest  is  doubtful,  as  the  roughened,  almost  papillose 
condition  of  the  scales  seems  attributable  more  to  ornament  than  to  cor- 
rosion or  wear.'  The  anterior  flank  scales  are  deeper  than  in  all  other 
specimens,  some  of  them  being  nearly  three  times  deeper  than  broad. 
Branching  longitudinal  striae  appear  on  the  impressions  of  postclavicular 
scales,  and  the  cranial  roof  has  the  same  roughened  aspect  as  the  scales. 
A  median  suture  is  recognizable  between  the  frontals,  although  not  very 
distinct.  The  clavicle  is  well  displayed,  as  is  also  the  base  of  the  pec- 
toral fin.     Further  material  will  be  necessary  to  establish  or  disprove 
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the  specific  identity.    Total  length,  16  centimeters ;  length  of  head,  4 
centimeters. 

One  of  the  halves  of  a  small  specimen  preserved  in  counterpart  is  shown 
in  plate  47,  figure  2,  some  of  the  details  heing  added  from  the  opposite 
slab.  The  view  here  presented  is  part  ventral  and  part  lateral,  the  pos- 
terior part  of  the  body  lying  on  its  right  side.  As  the  total  length  is  only 
about  12  centimeters,  the  pectoral  fins  and  mandibles  are  seen  to  be 
relatively  larger  than  in  preceding  examples,  and  the  scales  at  the  base 
of  the  caudal  fin  are  enormously  enlarged.  No  basal  supports  for  any 
of  the  fins  are  preserved ;  there  is  likewise  no  trace  of  a  gular  plate  nor 
of  verebral  rings.  A  complete  series  of  laminar  branchiostegals  is  ex- 
hibited, in  front  of  which  lies  a  small  dentigerous  plate  supposed  to  be 
the  fused  premaxillsD. 

The  remaining  figures  of  plate  47  are  of  small  forms  'preserved  in 
counterpart.  Figures  4  and  5  show  the  right  and  left  halves  of  the  jsame 
specimen,  and  are  reproduced  from  negatives  without  retouching.  They 
show  the  lateral  line  very  conspicuously  >  also  the  finely  branched  caudal 
fin  rays  and  delicate  squaraation.  The  fish  is  probably  an  immature 
exajuple  of  the  same  species  as  the  foregoing,  and  is  about  half  the  size 
of  the  type  specimen.  Figure  3  of  plate  47  is  likewise  of  a  small  form 
with  delicate  squamation.'  It  has  a  strong,  well  ossified  maxilla  and 
convex  opercular  plates.  The  number  of  transverse  and  longitudinal 
scale-series  cannot  be  counted  accurately,  but  appears  to  be  greater  than 
in  other  examples.  It  is  probable,  therefore,  that  another  species  is  in- 
dicated, at  present  indefinable.  None  of  the  specimens  exhibit  any  trace 
of  vertebral  centra^  ribs,  or  fin  supports. 

Relations  to  other  Species 

More  than  40  species  of  PhoUdophonis  have  been  described  from  all 
parts  of  the  world,  many  of  which,  however,  are  founded  on  imperfectly 
determinable  material.  They  range  from  the  Upper  Trias  to  the  Upper 
Jura,  and  with  the  exception  that  later  forms  are  often  more  highly  or- 
namented than  the  earlier,  exhibit  remarkably  constant  characters.  On 
the  basis  of  scale  ornamentation  two  series  are  recognizable,  one  having 
and  the  other  being  without  serrated  scales.  The  present  species  finds 
its  place  among  the  smooth-scaled  forms,  and  is  not  far  removed  from 
the  type  species,  P.  bechei  Agassiz,  from  the  Lower  Lias.  The  Eugnathidse 
have  precisely  the  same  range  as  Pholidophoridae,  and  any  inferences  as 
to  stratigraphic  correlation  derived  from  the  one  are  equally  applicable 
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to  the.  other.    The  paleontologic  evidence  is  entirely  in  accord  with  Mr 
Darton's  determination  of  the  horizon  as  basal  Jurassic. 

Description  of  fragmkntary  Fossils 

AMIOPSISif)  DARTONI  SP.  IfOV.* 
Plate  48,  figures  1,  2. 

Associated  with  the  preceding  species  are  numerous  firagmentary  re- 
mains, indicating  fishes  of  large  size,  with  powerful  fins  and  delicate 
cycloidal  scales.  Although  vertebral  centra  have  not  been  observed,  the 
presence  of  stout  ribs  suggests  a  well  ossified  vertebral  column.  No  head 
bones  beyond  those  shown  in  plate  48,  figure  1,  exist  in  the  collection, 
and  the  only  clue  as  to  systematic  position  is  the  decidedly  uncertain 
one  afforded  by  scale  characters.  These  point  to  a  place  among  the 
Amiidae. 

The  scales  are  covered  superficially  with  a  very  thin  coating  of  ganoine, 
their  contour  is  almost  perfectly  elliptical,  and  they  appear  to  have  been 
deeply  overlapping.  The  major  axis  of  the  ellipse,  which  was  presum- 
ably longitudinal,  measures  about  1  centimeter  in  the  larger  scales.  A 
number  of  them  are  to  be  seen,  although  rathet  indistinctly,  in  the  lower 
part  of  figure  1,  and  an  enlarged  drawing  is  given  of  a  detached  scale  in 
figure  2  of  plate  48.  In  the  upper  part  of  figure  1  may  be  recognized  the 
right  and  left  clavicles  and  a  large  semicircular  operculum,  not  unlike 
that  of  the  recent  Amia,  The  large  pectoral  fin,  with  curved,  distally 
articulated  rays  to  the  right  of  the  operculum,  is  still  attached  to  a  part 
of  the  clavicle,  broken  off  from  the  upper  portion.  In  line  with  the 
pectoral  below  lies  the  pelvic  fin ;  below  and  to  the  left  is  seen  one  of 
the  unpaired  appendages,  possibly  the  anal  fin,  overlying  which  at  one 
end  is  a  rib  and  at  the  other  the  anterior  margin  of  the  opposite  pectoral. 
There  are  no  fin-fulcra. 

It  is  greatly  to  be  hoped  that  further  material  may  be  discovered  which 
shall  elucidate  the  structure  and  relationships  of  the  form  here  so  ob- 
scurely represented.  There  exist  as  yet  only  slight  grounds  for  assum- 
ing a  relationship  with  Megalurus,  Amia,  etcetera,  much  less  for  institut- 
ing  comparisons  with  them.  If  correctly  referred  to  the  Amiidse,  the 
present  occurrence  extends  the  range  of  this  family  at  least  as  far  back 
as  the  Lower  Jura,  whereas  hitherto  it  was  supposed  to  have  been  in- 
itiated in  the  Upper  Jura.  At  all  events  it  is  interesting  to  know  now,  if 
we  can  know  no  more,  that  the  two  groups  of  rhombic  and  thin  cycloidal 

*The  specific  title  is  given  in  honor  of  Mr  N.  H.  Darton,  who  discorered  all  the  remains  de- 
scribed in  this  paper. 
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scaled  ganoids  existed  side  by  side  in  the  American  Jura  as  they  did  in 
the  European.  The  name  Amlopsia,  first  proposed  by  Kner  for  an  im- 
perfect Cretaceous  fish  resembling  Amia,  is  used  here  in  lieu  of  a  more 
definite  title,  and  implying  that  the  remains  are  supposed  to  be  Amioid, 
but  the  genus  is  indeterminable.  The  specific  title  is  given  in  honor 
of  Mr  N.  H.  Darton,  who  discovered  all  the  remains  described  in  this 
paper. 

FIN  FRAGMENTS 
Plate  48,  figure  3.    Genera  and  species  not  determined. 

A  very  interesting  fin  structure  is  that  shown  one-third  larger  than 
natural  size  in  figure  3  of  plate  48.  Nothing  is  known  of  the  fish  it  be- 
longed to,  and  little  can  be  said  of  the  specimen  itself  except  that  it  is 
peculiar  in  having  the  anterior  margin  developed  into  a  strong,  spini- 
form  cutwater  through  coalescence  of  enlarged  fin  rays.  The  latter  are 
not  articulated  in  their  proximal  portions,  and  the  short,  inosculated 
outer  ones  apparently  not  at  all.  The  arrangement  of  these  external  rays 
is  curious,  and  at  first  sight  suojgestive  of  fulcra.  They  are  distinctly  fin 
Riys,  however,  and  have  nothing  to  do  with  the  latter  structures.  The 
smaller  rays  adjoining  the  cutwater  are  all  finely  articulated,  and  are  of 
about  uniform  size.  There  can  be  little  question  that  the  appendage 
here  shown  is  a  pectoral  fin,  with  the  rays  and  cutwater  preserved  in 
their  natural  relations.  That  there  has  been  little  or  no  displacement  is 
shown  by  the  parallelism  and  proximal  origin  of  all  the  rays  from  the  cut- 
water downward  to  the  posterior  margin.  A  smooth  coating  of  ganoine 
covers  all  the  rays  of  the  cutwater. 
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Explanation  of  Platbb 

Plate  45. — Pholidophorus  americanus  E. 

FiQURES  1,  2. —Full  grown  individuals  seen  from  the  right  side,  reproduced  from 

photographic  negatives  without  I'etouching.    Both  figures  very 
nearly  of  the  natural  size. 

Figure  3. — Photograph  of  caudal  portion  of  another  adult  individual. 

Plate  46. — Pholidophonts  americamu  E. 

Figures  1,  2. — Enlarged  photo-drawings  of  adult  individuals;  the  details  of  figure 

2  taken  in  part  from  opposite  half  of  counterpart    Both  figuppg 
enlarged  about  f  natural  size. 

•  

Platk  47. — PholidopJiorus americanun  E.  (pars?) 

Figure  1. — Photograph  of  large,  fragmentary  specimen  with  roughened  scales, 

possibly  belonging  to  a  distinct  species.     Natural  size. 

Fic^uRB  2. — Photo  drawing  of  small  individual  seen  from  ventral  aspect,  showing 

mandibles,  premaxillie,  branchiostegal  rays,  details  of  fin  struct- 
ure, etcetera.    One-fifth  larger  than  natural  size. 

Figure  3. — Photo-drawing  of  small  individual  with  numerous  scale-series,  convex 

operculum  and  strong  maxilla,  possibly  belonging  to  a  distinct 
species.    Natural  size. 

Figures  4,  5.— Posterior  half  of  young  individual  preserved  in  counterpart,  show- 
ing delicate  squamation  and  conspicuous  lateral  line. 

Plate  48. — Amioptis  (f)  dartoni  sp.  no  v.  and  an  undetermined  ganoid. 

Figure  1. — Photograph  of  naturally  associated  fragments  of  large  fish  with  thin 

cycloidal  scales.  Clavicles  and  operculum  shown  near  tlie  top, 
fin  rays  (both  pectorals,  pelvic  and  anal),  ribs,  and  scales  toward 
the  bottom  of  figure.    Five-sixths  natural  size. 

Figure  2. — Detached  scale,  two-thirds  larger  than  natural  size. 

Figure  3. — Pectoral  fin  of  undetermined  ganoid,  proximal  end  at  left-hand  side 

of  figure,  distal  below  and  to  the  right.  One-third  larger  than 
natural  size.    From  photo-drawing  by  Mr  J.  H.  Blake. 
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Skssion  op  Wednesday,  Decembek  28 

The  Society  convened  in  the  assembly-room  in  Schermerhorn  hall, 
Columbia  University,  at  10.15  o'clock  a  m.  President  J.  J.  Stevenson 
introduced  the  Honorable  Seth  IjOW,  president  of  Columbia  University, 
who  gave  the  Society  welcome  in  a  few  remarks  expressing  appreciation 
of  the  science  of  geology. 

The  President  called  for  the  Council  report  as  the  first  administrative 
business,  which  report  was  submitted  in  print  by  the  Secretary  without 
reading,  as  follows : 

REPORT  OP  THE  COUNCIL 

* 

To  Oie  Geological  Society  of  America^ 

in  Eleventh  Annual  Meeting  assembled : 

The  Council  extends  congratulations  to  the  Fellows  upon  the  excel- 

» 

lent  condition  and  prospects  of  the  Society  at  the  close  of  the  first 
decade.  Begun  with  misgivings  as  to  the  wisdom  of  the  new  organiza- 
tion, and  amid  prophecies  of  failure,  it  has  more  than  justified  the  faith 
and  work  of  its  founders.  The  Society  has  united  the  geologists  of  the 
continent,  produced  harmony  of  feeling,  thought,  and  labor,  created  and 
cemented  friendships,  and  prevented  the  geology  of  America  from  be- 
coming provincial.  It  has  stimulated  research  and  publication  and  has 
placed  on  record  a  great  body  of  knowledge.  The  avowed  purpose  of  the 
Society — "  the  promotion  of  the  Science  of  Geology  in  North  America  " — 
has  been  carried  out. 

We  may  believe  that  the  great  success  already  achieved  is  but  the 
beginning  of  a  grander  future. .  Already  the  Bulletin  has  given  us  a 
prominent  place  among  ^he  older  geological  societies  of  the  world,  and 
with  the  great  advantages  possessed  by  American  students  of  earth-lore 
it  may  be  expected  that  at  a  time  not  far  distant  our  Society  will  occupy 
a  foremost  position. 

We  may  well  be  proud  of  our  Society  and  of  our  science,  which,  born 
so  recently,  has  become  a  powerful  factor  in  the  intellectual  uplifting  of 
mankind.  Let  us  sustain  and  cherish  the  Society  as  a  noble  means 
to  a  great  end,  and  may  every  Fellow  realize  that  he  has  a  useful  part, 
even  though  he  be  isolated  in  a  distant  field  and  unable  to  attend  the 
meetings.    To  such  Fellows  the  Council  sends  especial  salutation. 
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During  the  past  year  the  Council  has  held  only  one  meeting,  at  ^Ton- 
treal,  no  quorum  being  present  at  Boston.  The  necessary  business 
since  the  annual  meeting  has  been  transacted  by  correspondence. 

The  following  reports  of  the  officers  contain  all  further  matters  of  in- 
terest to  the  Society  at  large ; 

Sbcketaby's  Rbpobt. 

To  the  Oouncil  of  the  Oeological  Society  of  America : 

Meetings, — The  record  of  the  Tenth  Annual  Meeting,  held  at  Montreal 
December,  1897,  is  before  the  Society  in  print.  The  proceedings  of  the 
Tenth  Summer  Meeting  aire  in  type  and  will  soon  be  distributed.  Like 
the  1896  Summer  Meeting,  the  Boston  meeting  occupied  one  day  of  the 
time  of  Section  E,  American  Association  for  the  Advancement  of  Science. 
This  arrangement  seems  mutually  satisfactory. 

A  list  of  the  meetings  of  the  Society  held  during  the  ten  years  is  ap- 
pended, with  the  number  of  Fellows  and  Fellows-elect  in  attendance, 
and  the  number  of  titles  of  papers  presented  (not  including  reports  nor 
memorials). 


1888 
1S89 
ISJK) 
1S91 


1S<« 

1894 
1S05 
1896 
1897 
1898 


Sammer  meetings. 


1.  Toronto 

2.  Indianapolis  . . . 

3.  Washington.. . . 

4.  Rochester 

5.  Madison 

6.  Brooklyn. 

7.  Springfield 

8.  Buffalo 

9.  Detroit 

10.  Boston 


Papers. 

Attend- ' 
ance. 

\l 

'  53  ' 

22(?) 

34 

83 

15 

32 

20 

38 

29 

34 

18 

31 

14 

43 

12 

21 

1» 

4C 

1 

Winter  meetings. 


1.  Ithaca. 

2.  New  York  .. 

3.  Washington.. 

4.  Cohnnbus 

5.  Ottawa 

6.  Boston 

7.  Baltimore   ... 

8.  Philadelphia.. 

9.  AVasliinjrton. . 

10.  Montreal. .   . . 

11.  New  York 


Papere. 


0 
36 
55 
27 
37 
50 
48 
26 
50 
33 


Attend- 
ance. 


13 
60 
66 
23 
29 
61 
64 
61 
79 
31 


Membership. — Since  the  last  report.  1897,  three  Fellows  have  resigned 
and  five  have  been  dropped  from  the  roll  for  non-payment  of  dues. 
Four  Fellows  elected  at  Montreal,  added  to  the  roll,  n)ado  the  last 
printed  list  (July,  1898)  contain  238  names.  The  death  of  James  Hall 
transfers  one  name  to  the  list  of  deceased  Fellows,  leaving  the  present 
membership  237.  Two  resignations  are  pending  and  eight  Fellows  are 
delinquent  in  dues.  Eleven  persons  are  now  candidates  lor  election  at 
the  approaching  meeting. 

The  Society  began  with  112  "  Original "  Fellows.  The  number  of  Fel- 
lows on  the  roll  at  the  time  of  the  annual  meetings  during  the  ten  years 
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isasfollows:  1888,98;  1889,173;  1890,197;  1891,213;  1892,219;  1893, 
236;  1894,  226;  1895,  226;  1896,233;  1897,  242;  1898,  237. 

In  1893  the  Society  had  secured  the  adhesion  of  nearly  all  the  active 
geologists  of  the  continent.  Since  that  time  the  membership  has  re- 
mained quite  uniform,  the  losses  being  balanced  by  elections.  Durinj: 
the  late  years  of  financial  stringency  many  Fellows  have  been  force<l 
unwillingly  to  relinquish  membership.  In  all,  37  Fellows  have  been 
dropped  from  the  rolls  for  non-payment  of  dues.  Ten  Fellows  have  re- 
signed and  21  Fellows  have  died.  The  total  number  of  persons  who 
have  been  Fellows  is  305,  of  whom  two, are  women. 

It  is  not  expected  that  the  membership  of  the  Society  will  be  much 
larger  than  at  present.  Accessions  will  be  mainly  from  young  men  en- 
tering the  profession,  which  will  perhaps  only  balance  the  losses. 

Following  is  a  tabulation  of  the  geographical  distribution  of  the  fel- 
lowship in  1888, 1894,  and  at  the  present  time: 

Original  FeUow9  FeUotn 

Fellows,  1888.    December,  189U.    December,  ISS& 

District  of  Columbia 13 

New  York 21 

Canada 

Pennsylvania 10 

Massachusetts 7 

California 4 

Ohio 6 

Illinois 1 

Iowa 4 . 

Connecticut 4 

Minnesota 3 

Michigan 3 

New  Jersey 5 

Kentucky 4 

AVisconsin 3 

Missouri 2 

Texas    4 

Alabama 1 

Colorado 

Kansas 2 

Virginia 1 

Maryland 2 

Indiana 2 

South  Dakota 

Vermont 

West  Virginia 1 

Arizona 

Georgia 1 

Idaho  


34 

37 

27 

29 

23 

20 

17 

15 

17 

19 

12 

10 

12 

7 

10 

11 

7 

S 

7 

6 

6 

5 

6 

7 

6 

4 

4 

3 

3 

6 

4 

5 

3 

3 

3 

4 

3 

4 

3 

2 

3  • 

4 

2 

3 

1 

4 

2 

2 

2 

1 

2 

2 

1 

1 

1 

1 

1 

•  • 
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OrigiruU 
Fellows,  1888. 


Maine 

Mississippi 

North  Carolina. . 
New  Hampshire, 

Nebraska 

Tennessee 

Arkansas 

Rhode  Island 

Montana 

Wyoming 

New  Mexico 

Utah  

Mexico 

Brazil 

Burma 


1 
1 
1 
2 
1 
1 
1 


Fellows 
December,  1S9U. 

1 

1 

1 

1 


1 
1 
1 


Fellows 
December,  IS53, 

1 

•  • 
2 

2 

1 
1 


1 

1 

1 

1 
o 

1 


OFPICKRS   OF  THE  SOCIETY,  1889-1898 


Preaident 

1889. 

James  Hall. 

1890. 

James  D.  Dslna. 

1S9L 

Alexander  Winchell. 

lvS92. 

. . . .  G.  K.  Gilbert. 

1893. 

Sir  J.  W.  Dawson. 

m)A. 

T.  C.  Chamberlin. 

1895. 

. ...  N.  8.  Shaler. 

1WH>. 

Joseph  Le  Conto. 

1897. 

Edward  Orton. 

1898. 

J.  J.  Stevenson. 

First  Vice-President 

James  D.  Dana. 
John  S.  Newberry. 
G.  K.  Gilbert. 
Sir  J.  W.  Dawson. 
T.  C.  Chamberlin. 
N.  S.  Shaler. 
Joseph  I^  Conte. 
C.  H.  Hitchcock. 
J.  J.  Stevenson. 
B.  K.  Emerson. 


Second  Vice-Pretident 


Alexander  Winchell. 
Alexander  Winchell. 
T.  C.  Chamberlin. 
T.  C.  Chamberlin. 
J.  J.  Stevenson. 
George  H.  Williams. 
C.  H.  Hitchcock. 
Edward  Orton. 
B.  K.  Emerson. 
G.  M.  Dawson. 


Secretary 

J.  J.  Stevenson 1889-1890 

H.  L.  Fairchild 1891- 

Editor 

W  J  McGee 1890-1892 

Joseph  Stanley-Brown 1893- 


TVeasurcr 

Henry  S.  Williams 1889-1891 

I.  C.  White 1892- 

Lihrarian 

H.  P.  Gushing 1898- 


Councillors 


John  S.  Newljerry 1889 

.I.W.Powell    1889-1890 

rims.  H.  Hitchcock 1889-1892 

(iwrjre  M.  Dawson 18iK)-1893 

I.e.  White 1891 

J.  J.  Stevenson 1891 


E.  W.  Clay|X)le 1891-1892 

John  C.  Branner 1891-1893 

Henry  S.  Williams 1892-1891 

N.  H.  Winchell 1892-1894 

E.  A.  Smith 1893-1895 

C.  D.  Walcott 1893-1895 
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F.  D.  Adams 1894-1896 

I.  C.  Russell 1894-1890 

R.  W.  Ells 1895-1897 

C.  R.  Van  Hise 1895-1897 

B.  K.  Emerson. 1896-18^7 

J.  M.  Safford 1890-1898 


CouneiUart 

J.  S.  Diller. 1897-KS99 

W.  B.  Scott 1897-lSini 

W.  M.  Davis 18a<^19^J0 

Robert  Bell 189,S-ltK)0 

M.  E.  Wodsworth 1898-1900 


Distribtition  of  Bulletin, — The  distribution  for  the  year  is  included  in 
tlie  following  table : 


K^^i 


DISTUIBUTION  OP  BULLETIN   FUO.M  TUB  SECRETAKV  8  OFFICE  DUIUNO  THE   YEABS 

1891-1898 
Complete  Volumes 


Vol.  1. 

Vol.  2. 

Vol.  .3. 

Vol.  4. 

Vol.  f>. 

Vol.  6. 

Vol.  7. 

Vol,  8. 

Vol.  9. 

Distributed   to 

♦ 

Fellows 

•   • 

•    • 

209 

214 

214 

223 

222 

231 

234 

Donated  to  "ex- 

changes "... 

91 

91 

89 

89 

89 

87 

85 

85 

84 

Sold  to    libra- 

ries  

89 
24 

89 
18 

91 
12 

87 
8 

83 
5 

89 
3 

82 
o 

79 

•  •  •  « 

77 

Sold  to  Fellows 

*  •  •  « 

Sent  to  Fellows, 

deficient. . . . 

2 

1 

1 

«     a     •    • 

«  •  •  • 

•  •  •  • 

•  •   •  ■ 

1 

•  •  •  • 

Donated  

4 

4 

3 

3 

3 

3 

2 

2 

1 

Bound   for  of- 

fices and  li- 

bfatry . . 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Volumes  in  re- 

Her \  v/ . .      •    . 

51 

300 

342  (?) 

340  (?) 

337  (?) 

92(?) 

104  (?) 

99(?) 

101  (?) 

Complete  vols, 
received....  204      500      750  (?)    750  (?)    734 

Brochures 


500  (?)    500  (?)     500  (?)    5<J0(?) 


Vol.  1.     Vol.  2.     Vol.  3.    Vol.  4.      Vol.  5.       Vol.  C.      Vol.  7.        Vol.  8.         Vol.  9. 
Sent  to  Fellows, 


deficient     . . 

50 

141 

40 

43 

28 

13 

15 

12 

Sent   to  libra- 

ries, deficient 

3 

1 

5 

6 

3 

1 

4 

8 

Sold  to  Fellows 

19 

22 

11 

13 

19 

8 

3 

Sold  to  public. 

13 

15 

17 

13 

7 

U 

6 

6 

Donated 

3 

3 

3 

3 

2 

■  •  •  • 

•   •   •  « 

•  •  •  • 

Subscriptions, — The  list  of  subscribers  to  the  Bulletin  remains  the  same 
as  last  year,  one  new  subscriber,  the  John  Crerar  Library,  Chicago,  bal- 
ancing the  withdrawal  of  Cornell  College,  Mt.  Vernon,  Iowa.  The  Secre- 
tary has  planned  to  again  advertise  the  Bulletin  among  educational 
institutions  and  libraries,  using  pages  out  of  volume  9. 
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Bulletin  sales. — Receipts  for  the  past  year  are  $426.65.  The  reduction 
from  last  year  is  due  to  delay  in  the  publication  of  volume  9.  In  former 
years  the  completed  volume  has  been  distributed  in  June  or  July,  which 
allowed  several  months  for  collection  of  the  bills.  As  the  distribution 
of  complete  copies  of  volume  9  has  been  onlj*^  within  the  past  week* 
these  sales  appear  under  the  item  "  Charged  and  uncollected."  More- 
over, the  irregular  sales  which  follow  the  publication  of  each  volume 
have  not  been  realized,  but  will  appear  in  next  year's  report. 

RECEIPTB  FROM   8ALB  OF  BULLETIN   DURING   1898 

By  Sale  of  Complete  Volumes 

Vol.  1.        Vol.  2. 

From  Fellows $18  00         $22  50 

From  libraries- '. 10  00  10  00 


Vol.  3. 

Vol.  4. 

Vol.  5. 

$20  00 

017  60 

$10  00 

10  00 

10  00 

15  00 

Total  for  1898.. 28  00  32  50  30  00  27  50  3100 

By  last  report  (1897). ...«. 634  10  508  50  488  50  4^2  50  422  00 

Totjiltodate $562  10  $54100  $518  50  $480  00  $453  00 

Vol.6.  Vol.7.  Vol.8.  Vol.  9.  Total 

From  Fellows $8  00  $8  00  $4  00         $114  00 

From  libraries 20  00  20  50  20  00  $125  00  240  50 


Total  for  1898 28  00            28  60           24  00          126  0*3  354  60 

By  last  report  (1897) 443  00         393  50         370  00           46  00  3,057  10 

Total  to  date $471  00        $422  00        $394  00       $170  00  $4,011  00 

By  Sale  of  Brochures 

Vol.  1.        Vol.  2.        Vol.  3.        Vol.  4.  Vol.  6. 

From  Fellows $2  15           $0  50         $22  40         $0  00 

From  public 1  CO         70  $1  20 

Tot^M  for  1898 3  75                 60           23  10             120  0  CO 

By  la«t  report  (1897) 23  45           20  75           14  05           10  40  0  25 

Total  to  date $27  20         $21  '25         $17  75         $11  CO  $f>  85 

Vol.6.        Vol.7.        Vol.8.        Vol.9.  Total. 

From  Fellows $0  45           $1  50           $0  25         $27  85 

From  public 20         »>  OO  4  30 

Total  for  1898.... 65              150                 25                 (50  32  15 

By  last  report  (1897) 7  60             6  95             4  30          94  35 

Total  to  date $8  25           $8  46           $4  65           $0  00  $126  60 

Grand  total $4,138  10 

Received  for  volume  10  in  advance. 4A)  00 

Total  receipts  to  date $4,178  10 

Charged  and  uncollected ^       231  76 

Total  sales  of  Bulletin  to  date $4,409  85 

Exchanges, — The  list  of  institutions  to  which  the  Bulletin  is  donated  is 
one  less  than  last  year,  84  in  number,  Rassegna  delle  Scienze  Geologische 
in  Italia,  Rome,  having  been  reported  defunct.  This  list  appears  on 
pages  443-449  of  volume  9. 

Expenses, — The  following  table  covers  the  cost  of  administration  for 
the  last  fiscal  year : 
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BXPENDITUR1E    OF    8BCRirrARY*8  OFFICE    FOR    THE    FI8CAL    YEAR,    NOVEMBER  30,   1SJ>7, 

TO   NOVEMBER  30,  189S 

Account  of  Adminiatralion 
Postage |16  55 

Expregsage 2  75 

Printing  (including  stationery  and  records) 70  65 

Meetings  (not  included  in  printing) 4  65 

Total $94  OO 

Account  of  Bulletin 
Postage $77  50 

Expressage  and  freight 35  12 

Wrapping  material  and  labels 2  60 

Printing 2  00 

Collection  of  checks. .   2  25 

Total $119  47 

Total  expenditure  for  year. |2I4  07 

Respectfully  submitted.  H.  L.  Fairchild, 

Secretary. 
Rochester,  N.  Y.,  December  20^  1898, 

Tbba»ureb'8  Report. 
To  ike  Council  of  the  Geological  Society  of  America  : 

The  accompanying  statement  of  receipts,  disbursements,  and  invesir 
ments  for  the  current  year  (December  1,  1897,  to  December  1,  1898)  ex- 
hibits in  detail  the  present  very  satisfactory  financial  condition  of  the 
Society. 

The  chief  points  of  interest  may  be  noted  as  follows : 

The  names  of  five  (5)  Fellows  (the  same  number  as  last  year)  have 
been  dropped  from  the  roll  for  non-payment  of  dues,  each  being  three 
years  in  arrears. 

The  Fellows  delinquent  on  dues  for  1897  and  1898  number  only  eight 
(8),  compared  to  fifteen  (15)  last  year.  Several  of  the  eight  have  given 
notice  of  withdrawal,  so  that  all  but  one,  or  possibly  two,  will  drop  out 
of  our  ranks  early  in  the  coming  year,  under  the  operation  of  section  3, 
chapter  1,  of  the  By-Laws,  since  each  will,  after  January  1, 1899,  be  more 
tlmn  two  (2)  years  in  arrears. 

Thirty-one  (31 )  Fellows  are  delinquent  on  dues  for  1898,  against  thirty- 
four  (34)  at  the  same  time  last  year. 

Six  (6)  life  commutations  have  been  received,  by  payment  of  one  hun- 
dred dollars  ($100)  each,  so  that  the  names  of  E.  H.  Barbour,  J.  P.  Tjesley, 
Arthur  M.  Miller,  R.  A.  F.  Penrose,  J.  W.  Powell,  and  J.  E.  Talmage  are 
now  added  to  the  previous  list  of  twenty-nine,  thus  making  thirty-five 
(35)  in  all  who  have  secured  life  membership. 
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The  invested  funds  of  the  Society  have  been  increased  two  thousand 
dollars  (82,000)  during  the  year,  raising  the  total  to  five  tltousand  dol- 
lars ($5,000),  the  cost  of  which  to  the  Society  has  been  $5,120.86. 

Tlie  annual  interest  accruing  upon  these  investments  is  two  hundred 
and  seventy-three  dollars  ($273),  or  five  and  one-third  (6i)  per  centum 
upon  the  total  cost,  a  very  satisfactory  rate  considering  the  high  charac- 
ter of  the  securities  purchased. 

The  Council  at  its  last  meeting  appointed  the  President,  Treasurer, 
and  Professor  Scott  a  committee  upon  investments,  with  instructions 
to  add  fifteen  hundred  dollars  ($1,500)  to  the  invested  fund.  A  most 
favorable  time  for  purchase  came  in  March,  1898,  when  war  with  Spain 
appeared  certain,  and  securities  of  all  kinds  dropped  in  price.  The  com- 
mittee concluded  to  exceed  the  limits  advised  by  five  hundred  dollars 
(8500),  and  hence  purchased  two  (2)  one-thousand-dollar  first-mortgage 
5  ]>er  cent  bonds  of  the  Texas  Pacific  railroad,  dated  February  1, 1898, 
and  maturing  June  1,  2000  A.  D.,  with  accrued  interest  from  December 
1,  1897,  for  the  sum  of  nineteen  hundred  and  seventy-six  dollars  and 
twenty-five  cents  ($1,976.25).  The  interest  upon  these  bonds  is  payable 
semi-annually,  June  1  and  December  1,  and  as  their  current  market 
value  is  now  $2,140,  and  the  Society  has  already  received  one  hundred 
dollars  (8100)  interest  thereon  during  the  year,  the  Treasurer  is  of  the 
opinion  that  no  mistake  was  made  in  exceeding  the  limit  set  by  the 
Council,  and  is  only  sorry  that  our  resources  at  the  time  would  not  per- 
mit the  investment  of  an  additional  thousand. 

The  *'  interest "  item  of  $32.98  has  accrued  to  the  treasury  from  the  4 
per  cent  allowed  upon  monthly  balances  with  the  Security  Trust  Com- 
pany of  Rochester,  N.  Y.,  where  the  Secretary  deposits  all  the  proceeds 
from  sales  of  publications.  This  sum  added  to  tlie  amount,  $275.50,  re- 
ceived during  the  year  from  investments,  makes  a  total  of  $308.48,  no 
inconsiderable  sum,  and  largely  offsetting  the  loss  of  revenue  to  the 
Society  from  those  whose  names  (37)  have  been  dropped  from  the  roll 
for  non-payment  of  dues  during  the  entire  history  of  the  Society. 

The  receipts  from  interest  have  shown  a  steady  increase  since  the  first 
year  of  the  Society's  history,  and  the  following  summary  exhibits  their 
rate  of  growth : 

Interest  receipts  1888-1889. .  $16  63  Interest  receipts  1895-1896. .        191  00 

"    1889-1890..  6134  "      *'    1896-1897..    220  34 

"      **    1890-1801..  100  32  '*      "    1897-1898..    308  48 

*'        1891-1892. .  102  73                       


II  it 


1892-1893. .        150  15  Total  receipts  from  in- 


1893-1894. .        158  96  terest,  1888-1898. . . .    $1,470  01 

1894-1895..         170  06 

The  detailed  operations  of  the  treasury  are  shown  by  the  following 
account  of  receipts  and  disbursements : 
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The  following  summary  exhibits  the  annual  and  total  receipts  and 
disbursements  of  the  Society  during  the  decade  now  closing  : 


RBCEIPTB 


Annual 
•    dues. 

Initiation 

Life  com- 
mutations. 

Interest. 

Sales  of 
publica- 
tions. 

Sundry 
acc'ts. 

Total. 

l«88-'89 

$1,820  00 
1,420  00 
1,720  00 
2,160  00 
1,840  00 
1,880  00 
1,910  00 
1,880  00 
1,840  00 
2,100  00 

$16  63 
5134 
100  32 
119  22 
150  15 
158  96 
170  06 
19100 
220  34 
308  48 

$0  50 

429 

106  95 

200  94 

200 

10  00 

77  50 

90  80 

$1,837  13 
3,315  63 
2,474  62 
3,167  01 
2,670  20 
2,875  76 
2,999  06 
2,920  25 
3,321  69 
3,488  13 

1889-'90 

$40  00 
190  00 
160  00 

80  00 
150  00 
150  00 
120  00 
140  00 

60  00 

$1,800  00 
200  00 
100  00 

189(>-'91 
181)l-'92 
lS92-'93 

$157  35 
426  85 
598  05 
576  80 
49150 
638  45 
821  35 
419  65 

189a-*94 
1894-'95 
1895-*96 
18S)6-'97 
1897-98 

100  00 
200  00 

" ' '  360  00 
600  00 

Total.. 

$18,570  00 

$1,090  00 

$3,300  00 

$1,486  50 

$4,130  00 

$492  98 

$29,069  48 

EXPENDITURES* 


Administra- 
tion, 
Library, 
and 
Bulletin  dis- 
tribution. 

Maps  and 
photo- 
graphs. 

Publication, 

including 
editorial  ex- 
penses. 

Permanent 
investment. 

Total. 

1888-'89 

$181  25 
368  87 
323  58 
514  16 
628  50 
788  58 
676  00 
632  79 
707  32 
645  21 

$181  25 

A.  cS****"  cJIj  ■■«•«.««> 

$10  00 

$1,763  46 
2,691  25 
l,(i67  68 
1,886  64 
2,142  51 
1,746  3-> 
1,824  09 
1,739  9H 
1,507  40 

2,142  33 
4.155  09 

1890-*91 

$1,140  26 
900  35 
700  00 

*  364*00  ' 

io»tI~  u^, 

1892-'93.*. 

43  83 
U  67 
14  80 
12  22 

11  95 
6  18 

12  50 

3,126  02 
3,226  81 
2,945  89 
2,738  57 

1893-'94 

1894-'95 

1895-*96 

2,468  83 

lS96-'97 

100  00 
1,976  25 

2,553  48 
4,141  36 

1897-*98 

.     Total 

$5,466  26 

$123  15 

$16,969  36 

$5,120  86 

$27,679  63 

Balance  on  hand,  uninvested    $1,389  85 


*  The  cost  of  distrlbnting  the  Bulletin  and  the  other  expenses  connected  with  the  publication 
incurred  by  the  Secretary's  office  are  in<;Iuded  under  "Administration  "  expenses,  in  the  necond 
column.  Since  December,  1892,  such  expenditure  for  the  Bulletin  amounts  to  Sl,l<i4.72.  For  the 
earlier  time  the  figures  are  not  precise,  but  the  tot«l  expeuHe  of  this  kind  in  about  $l,:U)n.  Add- 
ing this  amount  to  the  total  of  column  four  would  make/he  total  cost  of  publication  $18,269.36, 
and  wouid  reduce  the  cost  of  administration  to  $4,166.^6. 

The  total  expenses  of  the  Library  have  been  to  date  about  $67. 
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The  invested  funds  of  the  Society  are  as  follows : 

On  account  of  publication  fund  : 

April  1,  1891,  one  Tioga  township,  Kansas,  bond,  cost 
$1,140.26 $1,000  00 

January  29,  1892,  eight  5  per  cent  Cosmos  Club  bonds  at 

par 80C  00 

February  26, 1892,  one  5  per  cent  Cosmos  Club  lx)nd,  with 
accrued  interest,  cost  $100.35 100  00 

February  3,  1893,  seven  5  per  cent  Cosmos  Club  bonds  at 
par,  cost  $700 700  00 

May  1,  1895,  two  10-20  gold  bonds  of  Tunnelton,  King- 
wood  and  Fairchance  railroad,  bearing  interest  from 
January  1,  1895,  cost  $204 200  00 

September  27,  1895,  one  bond  of  Tunnelton,  Kingwood 
and  Fairchance  railroad,  with  interest  from  July  1 ,  1895, 
cost  $100 100  00 

January  27,  1897,  one  5  per  cent  Cosmos  Club  l)ond.  No. 
56,  first  series,  cost  $100 100  00 

March  17,  1898,  one  Texas  Pacific  Railroad  bond,  No. 
20892,  5  per  cent,  due  June  1,  2000,  interest  iwiyable 
semi-annually,  cost  $990 1,000  00 

March  25,  1898,  one  Texas  Pacific  Railroad  bond,  No. 
11915,  5  per  cent,  due  June  1,  2000,  interest  payable 

semi-annually,  cost  $986.25 1,000  00 

$5,000  00 

Respectfully  submitted. 

I.  C.  White, 

Treasiirer. 
MoRGANTOWN,  West  Vihginia,  Dcccmbcr  10,  1898. 


Editor's  Report. 

To  the  Council  of  the  Geological  Society  of  America : 

The  publication  of  volume  9  has  been  attended  with  considerable 
delay  and  some  annoyance  to  publishing  members  by  reason  of  the  ab- 
sence of  the  Editor  in  Alaska  from  early  March  to  the  middle  of  October. 
Although  the  first  brochure  of  the  volume  was  issued  at  the  usual  time, 
December  30,  the  last  one,  owing  to  the  absence  above  referred  to,  was 
not  completed  until  December  1  (1898),  instead  of  April  30,  the  usual 
close  of  the  publication  year.  The  delay  would  have  been  greater,  but 
for  the  kindness  of  Mr  J.  S.  Diller,  who  generously  added  to  his  other 
burdens  that  of  carrying  forward  the  editorial  work, 'and  pages  257  to 
452  were  printed  under  his  direction. 

Although,  as  just  noted,  the  brochure  containing  the  Proceedings  of 
the  Tenth  Annual  Meeting  was  not  issued  as  a  whole  until  December  1, 
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I  SOS,  it  is  due  the  authors  appearing  therein  to  state  that  "separates  " 
of  pages  401  to  452  were  printed  in  July  and  distributed  in  September. 
It  is  not  likely  that  delay  will  be  again  caused  by  similar  conditions, 
and  the  attention  of  members  is  called  to  the  desire  and  purpose  of  the 
Council  to  furnish  the  promptest  medium  of  geological  publication  to 
be  found  in  the  United  States,  while  the  means  now  at  the  command  of 
the  Society  insures  the  fullest  illustration  of  papers. 

Although  volume  9  contains  460  pages  and  is  copiously  illustrated 
with  29  full-j)age  half-tone  plates  and  49  line-work  figures,  it  is  the  least 
expensive  volume  thus  far  issued  by  the  Society,  Indicating  that  due 
regard  has  been  paid  to  economy. 

The  printing  of  volume  10  is  now  well  under  way,  and  all  materia^ 
sent  the  Editor  has  been  placed  in  the  printer's  hands.  Attention  is 
again  called  to  the  desirability  of  preparing  an  index  of  the  ten  volumes 
issued  by  the  Society  during  its  eleven  years  of  existence.  The  making 
of  such  an  index  is  no  small  task,  and  if  the  Council  approves  of  such 
a  step,  plans  should  be  perfected  at  the  Winter  Meeting  in  order  that 
the  work  may  be  commenced  before  volume  10  is  completed. 

Although  exact  classification  is  not  attempted,  the  contents  of  volumes 
7,  8,  and  9  are  fairly  well  presented  in  the  following  comparative  table : 

n;..^  Vol.7.  Vol.8.  Vol.9. 

Tenninology 1 

Dynamic  geology 3  24  85 

Economic  geology 4  14  16 

Relation  of  geology  to  pedagogy 12  .. 

Stratigraphic  geology 21  67  28 

Memoirs  of  deceased  members 28  8  12 

Areal  geology 38  34  2 

IVtrology 40  43  44 

Physiographic  geology ^ 53  5 

Official  matter 56  69  54 

Rock  <lecompo8ition 74  26  17 

(;iju-ial  geology ia>  98  ViS 

Paleontology 123  5S  64 

Total 558  446  460 

The  cost  of  each  of  the  nine  volumes  thus  far  issued  by  the  Society 
is  as  follows : 


Ix'tKT-press.... 
Iliiis(r.iiion8.... 


Vol.  1. 

Vol.  2. 

Vol.  a. 

Vol.  4. 

Vol.  .5. 

( pp.  sna : 

;  pis.  i:i) 

(pp.  0G2; 
pis.  -iKJ) 

(pp.  *)U: 

pis.  10) 

(I>p.  4r.8; 
pis.  l(») 

(pp.  (Wi: 
pis.  21) 

$1,473  77 

Si,0!)2  :>■* 

«!,:•:;:>  5') 

Sl,2«(i  .'19  i  $l,'8S7  21 

aul  K.-. 

4C3  (;:) 

$2,450  17 

:is:i  :« 

173  2.")  I   178  40 

$1,765  C-i 

$1,918  94 

$1,450  lA 

$2,0tio  01 
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Lettor-preHR. 
DlufltrAtiODB. 


Vol.  6. 

Vol  7. 

Vol.  8. 

(pp.528; 
pis.  27) 

(pp.  558 ; 
pis.  24) 

(pp.446; 
pU.  51) 

$1,341  93 

$1,463  60 

$1,2G2  22 

221  02 
$1,563  55* 

200  24 

317  76 

$1,663  84* 

$1,670  98 

Vol,  9. 
(pp.  44a > ; 


SSI  41 
$1,40B  b3 


*The  actnal  coat  to  tho  Society  was  $77.50  less  for  volume  6,  and  $B0.80  less  for  Tolame  7,  those 
amounts  being  paid  by  authors  for  illustrations  and  correction  charges. 


Respectfully  submitted. 


Joseph  Stanlky-Brown, 

Editor. 


Washington,  D.  C,  December  10,  1898, 


LiBBARIAS'fl  RbPURT. 

To  the  Council  of  the  Geological  Society  of  America  : 

The  Library  of  the  Society  is  housed  on  the  third  floor  of  the  Case 
Library  buildinjr,  in  Cleveland.  The  space  allotted  is  at  present  suffi- 
cient, but  more  will  be  needed  the  coming  year.  The  extra  space  and 
shelving  required  will  no  doubt  be  furnished,  the  Case  Library  authori- 
ties  being  disposed  to  allow  ua  every  facility  in  their  power. 

The  contract  with  Case  Library  requires  that  they  shall  do  all  neces- 
sary binding ;  but  prior  to  the  appointment  of  your  Librarian,  one  year 
ago,  little  had  been  done  in  this  respect,  the  Library  authorities  not 
deeming  themselves  competent  to  determine  what  should  or  should 
not  be  bound.  The  amount  of  material  needing  binding  was  therefore 
great,  amounting  to  between  350  and  400  volumes.  It  seemed  neither 
just  nor  considerate  to  require  the  whole  to  be  bound  in  one  year.  Of 
the  whole  number,  150  volumes  have  been  cared  for  during  the  past 
year,  and  the  whole  will  be  completed  within  the  next  two  years. 

A  careful  inventory  of  the  Library  was  made  at  the  time  of  takin^r 
charge,  showing  nothing  to  be  missing  and  everythiiig  in  good  order. 

Some  effort  has  been  made  during  the  past  year  to  complete  certain 
volumes  of  exchanges  which  were  imperfect.  The  number  was  not 
great,  and  the  immediate  and  cordial  responses  most  gratifying. 

The  library  comprises  at  the  present  time,  in  approximate  numbers  : 

Bound  volumes  of  Official  Geological  Surveys 290 

Pamphlets  of  Official  Geological  Surveys 330 

Proceedings  of  Scientiftc  Societies,  bound 223 

Proceedings  of  Scientific  Societies,  unbound 200 

Miscellaneous,  mostly  separate  pamphlets 500 

The  use  of  the  library  is  at  present  limited  to  those  Fellows  of  the 
Society  who  reside  in  Cleveland,  and  to  such  patrons  of  the  Case  library 
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as  may  wish  to  use  it  for  reference.  It  is  to  be  reojretted  that  it  is  not 
of  more  service  to  the  Fellows  at  large.  It  would  seem  that  there  must 
be  a  considerable  number  so  situated  that  they  lack  access  to  a  large 
library,  and  that  to  such  it  might  be  easily  made  a  convenience.  Quite 
possibly  a  complete  list  of  at  least  the  "  foreign  exchanges  "  of  the  librarj', 
ill  serviceable  form,  might  facilitate  such  use.  At  present  information 
concerning  the  contents  of  the  library  is  only  to  be  obtained  from  the  lists 
of  additions  published  annually  in  the  Bulletin. 

The  Librarian  would  recommend  that  the  Institute  Geologic©  de  Mexico 
be  placed  on  the  "  exchange  list "  of  the  Society.  Aside  from  the  fact 
that  the  Society  has  no  exchanges  in  Mexico,  the  number  and  character 
of  the  publications  sent  by  that  organization  to  the  library  of  the  Society 
would  seem  to  warrant  the  procedure. 

The  expenses  of  the  Librarian's  office  during  the  past  year  are  as 
follows : 

Stationery  and  printing $3  75 

Postage  and  postal  cards 7  91 

Rubber  stamps 2  75 

•    Freight  and  expressage 5  64 

$20  05 

The  last  item  represents  the  cost  of  transferring  library  material  from 
Rochester  to  Cleveland.  Nearly  all  such  material  now  comes  direct  to 
Cleveland. 

Respectfully  submitted.  H.  P.  Gushing, 

Librarian. 
Cleveland,  Ohio,  Decetriber  i,  1898. 

Upon  motion  of  the  Secretary,  it  was  voted  to  defer  consideration  of 
the  Council  report  until  Thursday  morning. 

As  the  Auditing  Committee,  to  examine  the  accounts  of  the  Treasurer, 
the  Society  elected  J.  C.  Smock  and  W.  H.  Holmes. 

ELECTION  OF  OFFICERS 

The  result  of  the  balloting  for  officers  for  1899,  as  canvassed  by  the 
Council,  was  announced  by  the  Secretary,  and  officers  were  declared 
elected  as  follows : 

President : 
Benjamin  K.  Emerson,  Amherst,  Mass. 

First  Vice-President  : 
George  M.  Dawson,  Ottawa,  Ont. 
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Second  Vice-Prmdent  : 
Chaulks  D.  WAFAiorr,  Washington,  D.  C. 

Secretary : 
H.  L.  Fatrchild,  Rochester,  N.  Y. 

Treasurer : 
I.  C.  \Vn[TK,  Morgantown,  W.  Va. 

Editor  : 
J.  Stanley-Biiown,  Washington,  D.  C. 

Librarian : 
H.  P.  Gushing,  Cleveland,  Ohio. 

Councilors  {term  expires  in  1901)  : 

W.  M,  Davis,  Cambridge,  Mass. 
Joseph  A.  Holmes,  Chapel  Hill,  N.  C. 

ELECTION  OF  FELLOWS 

The  result  of  the  balloting  for  Fellows,  as  canvassed  by  the  Council, 
was  announced,  and  the  following  persons  were  declared  elected  Fellows 
of  the  Society  : 

AuA  R0BIN8ON  Crook,  A.  B.,  Ph.   D.,  Evanston,  Illinois.     Professor  of  Min- 
eralogy and  Petrography  in  Northwestern  University. 

Noah  Fiklds  Drakr,  A.  M.,  Ph.  D.,  Tientsin,  China.     Professor  of  Geology  ami 
Mining  in  Imperial  Tientt^in  University. 

Arthur  Hugo  Er^rrMAN,  B.  L.,  A.  M.,  Ph.  D.,  Grand  Marais,  Minnesota.     Mining 
Engineer. 

Myron  Leslie  Fuller,  S.  B.,  Boston,  Massachusetts.     Assistant  in  Geology,  Maf- 
sachusetts  Institute  of  Technology. 

Amadkus  William  Grabau,  S.  B.,  M.  S.,  Cambridge,  Massachusetts.     Fellow  in 
Paleontoloj^y,  Harvard  University. 

Joseph  Hyde  Pratf,  Ph.  B.,  Ph.  D.,  Chapel    Hill,  North   Carolina.     Assistant 
Geologist,  North  Carolina  Geological  Survey. 

Frank  Clemes  Smith,  B.  S.,  E.  M.,  Deadwood,  South  Dakota.     Mining  Engi- 
neer. 

Frank  RoBERraoN  Van  Horn,  B.  S.,  M.  §.,  Ph.  D.,  Cleveland,  Ohio.     Instructor 
in  Geology  and  Mineralogy,  Case  School  of  Applied  Science. 

Theodore  Grkely  White,  Ph.  B.,  A.  M.,  New  York,  New  York.     Afisistant  in 
Physics  in  Columbia  University. 

Samuel  VVendbll  Williston,  A.  M.,  M.  D.,  Ph.  D.,  Lawrence,  Kansas.     Professor 
of  Historical  Geology  in  University  of  Kansas.  , 
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Announcements  concerning  certain  details  of  the  printed  program 
and  of  the  annual  dinner  were  made  by  Professor  J.  F.  Kemp  and  Mr 
E.  O.  Hovey. 

The  following  memorial  of  the  first  President  of  the  Society  was  read 
by  the  President  from  the  Chair : 

MEMOIR  OF  JAMES  HALL  ^    ] 

BY  JOHN   J.    STEVENSON* 


• 


Professor  James  Hall,  the  first  President  of  this  Society,  was  born  in 
Hingham,  Massachusetts,  September  12,  1811,  and  died  in  Echo  Hill, 
Bethlehem,  New  Hampshire,  August  7,  1898. 

His  fatlier,  James  Hall,  came  from  England,  when  only  nineteen  years 
old,  to  spend  a  year  in  travel  through  the  United  States.  On  the  vessel 
he  met  a  girl  of  his  own  age,  Susan  Dourdain,  who,  with  her  parents,  was 
coming  to  reside  in  America.  He  married  her  soon  after  their  arrival  in 
Boston,  and  a  rupture  of  friendly  relations  with  his  father  followed,  so 
tliat  the  young  couple  were  compelled  to  make  their  way  as  best  they 
might.  Neither  had  been  fitted  by  previous  training  for  any  such  struggle, 
and  poverty  was  always  the  lot  of  the  family. 

James  Hall,  the  eldest  son,  was  sent  to  the  public  school  in  Hingham, 
but  lost  much  time,  as  his  assistance  was  needed  for  support  of  the  family. 
He  succeeded,  however,  in  o.btaining  private  lessons  in  Latin  and  in 
securing  books  by  doing,  as  he  said,  anything  and  everything.  Nothing 
daunted  him.  When  Silliman  delivered  the  Lowell  lectures  in  Boston, 
Hall  attended  them  all,  though  on  each  occasion  he  had  to  walk  from 
Hingham  and  back  again. 

His  preparation  for  Rensselaer  Institute  having  been  completed,  h^  ' 
hardly  knew  liow,  he  went  to  Troy,  where  Eaton  was  imparting  his  own 
enthusiasm  to  nearly  every  pupil  with  whom  he  came  into  contact.  It 
was  soon  discovered  that  the  lad  from  Massachusetts  had  not  merely  a 
taste,  but  rather  a  passion,  for  natural  history,  and  Eaton  himself  gained 
inspiration  from  him.  Each  summer  was  spent  in  field  work,  under 
Eaton's  direction,  and  often  in  company  with  Ebenezer  Emmons,  then 
an  instructor  in  the  Institute.  Hall  collected  nearly  nine  hundred  species 
of  plants  while  a  student  and  determined  them.  In  geological  excur- 
sions he  reached  as  far  south  as  the  Coal  Measures  of  the  anthracite 
region,  and  had  begun  before  his  graduation  that  collection  of  fossil  plants 
which  afterwards  proved  so  important. 

♦1  ftm  indebted  to  Mrs  Thomas  B.  Bishop,  of  San  Francisco,  CAlifornia,  the  daughter  of  Pro- 
fen^or  Hall,  for  information  which  has  been  used  in  preparing  this  memoir.  The  illustrations  orig. 
inally  appeared  in  Science,  and  appear  here  through  the  courtesy  of  Professor  J.  M'K.  Cattell,  editor 
of  that  journal. 

LXI— Bull.  Geol.  Soc.  Am.,  Vol.10,  1898 
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He  received  his  degree  in  1832.  After  a  visit  to  the  anthracite  region 
of  Pennsylvania  he  had  still  a  little  money  in  his  pocket,  with  which 
he  went  to  the  Helderberg  mountains,  southwest  from  Albany,  where  he 
spent  the  summer  in  elaborating  the  section  and  in  making  collections. 
In  September,  when  the  money  was  almost  gone,  he  returned  on  foot 
across  the  country  to  Troy  to  gather  up  his  books,  furniture,  and  collec- 
tions, but  without  any  definite  notion  as  to  what  was  to  become  of  him 
or  them.  Until  he  reached  his  room  in  Troy  the  future  had  concerned 
him  very  little;  the  burdens  of  the  present  had  sufficed  ;  but  as  he  sal 
there,  with  no  plan  for  the  future,  the  sense  of  absolute  loneliness  became 
so  oppressive  that  he  could  not  even  pack. 

Just  then  Eaton  passed  along  the  hallway  and,  looking  in  at  the  door^ 
said,  **  Hall,  what  are  you  doing?  "  **  Packing  my  propertj',"  was  the 
reply.  ** Where  are  you  going?"  The  answer  was  frank,  "I  do  not 
know."  Eaton  urged  him  to  remain,  and,  when  Hall  said  that  be  ha<l 
no  money,  replied  simply,  "  We  can  arrange  that.''  The  result  was  that 
Hall  was  made  librarian,  with  board  and  lodging  as  his  compensation. 
As  the  library  was  small,  the  room  assigned  for  it  was  very  small,  but  it 
sufficed  to  accommodate  the  library  and  the  librarian  for  several  months. 
Before  the  close  of  the  year  he  was  made  assistant  professor  at  $600  a 
year  and  board,  which  gave  him  means  for  the  prosecution  of  his  work. 

Eaton's  attachment  was  very  noteworthy.  He  brought  his  protege  to 
the  attention  of  Stephen  Van  Rensselaer,  the  great  patroli  of  science,  for 
whom  Hall  made  explorations  in  Saint  I^wrence  county,  his  first  sys- 
tematic work  in  geology.  This  was  done  so  well  that  when  the  State  Geo- 
logical Survey  was  organized,  Van  Rensselaer  endeavored  to  obtain  an 
independent  appointment  for  Hall;  but  only  four  districts  were  made, 
and  the  best  that  could  be  secured  was  an  appointment  as  assistant  to 
Emmons,  his  colleague,  who  was  thirteen  years  his  senior. 

There  was  little  probability  that  this  partnership  would  be  pleasing 
to  either,  for  each  had  done  work  in  portions  of  the  district  and  each 
held  very  positive  views.  Emmons  in  his  annual  report  failed  to  make 
any  reference  to  Hall  or  his  work.  Before  the  season  of  1837  the  state 
was  redistricted,  Mr  Conrad  withdrawing  from  the  geological  work  to 
become  the  paleontologist.  His  district  was  taken  by  Mr  Vanuxem,  and 
Mr  Hall  succeeded  to  the  fourth  district,  the  level,  uninteresting  west- 
ern portion  of  the  state,  which  he  was  told  was  good  enough  for  a  young 
man  of  twenty-five.  From  that  time  his  life  was  bound  up  in  the  official 
work  for  the  state  of  New  York,  and  after  1843  he  was  the  survey.  At 
the  time  of  his  appointment  he  was  younger  than  any  of  his  colleagues. 
Vanuxem  had  reached  middle  life,  Emmons  was  thirty-eight,  Conrad 
thirty-four,  and  Mather  thirty-three ;  but  some  of  them  were  still  young 
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enough  to  feel  the  importance  of  their  years  and  to  make  the  youngest 
member  of  the  corps  repent  his  aggressiveness. 

The  work  in  the  fourth  district  was  performed  with  characteristic 
energy.  The  region  was  not  the  western  New  York  of  today ;  roads 
were  less  numerous  and  less  carefully  made ;  exposures  were  rare  and 
poor.  It  was  necessary  to  wade  along  streams  for  miles  to  gain  frag- 
ments which  were  to  be  pieced  into  tentative  sections ;  the  people  were 
suspicious,  fearing  some  new  scheme  for  increasing  the  taxes ;  but  none 
of  these  things  moved  him ;  as  in  later  years,  difficulties  only  increased 
his  determination.  So  his  is  the  only  one  of  the  four  final  reports  which 
deals  broadly  with  the  problems  of  the  young  science,  and,  though  upon 
the  contemned  fourth  district,  it  is  the  only  one  which  has  endured 
with  authority  and  become  a  classic  in  geological  literature. 

While  the  survey  was  in  progress,  Professor  Hall,  with  his  colleague, 
Professor  Mather,  and  some  gentlemen  in  Philadelphia,  became  inter- 
ested in  the  mineral  region  of  southeastern  Ohio,  where  a  large  area  was 
secured  in  1838.  Professor  Mather  soon  afterward  became  a  resident  of 
Ohio,  though  retaining  his  position  on  the  New  York  survey,  and  the 
property  was  allotted  to  the  several  purchasers,  about  2,000  acres  falling 
to  Professor  Hall.  It  was  practically  wilderness  land,  but  studies  by 
Hildreth  and  Briggs  had  shown  that  it  lay  within  the  best  mineral  region 
of  the  state,  and,  as  afterward  was  discovered,  Professor  Hall's  share  was 
the  best  of  the  whole.  When  the  fieldwork  of  the  New  York  survey 
had  been  completed,  Professor  Hall  made  a  journey  to  the  Mississippi 
valley,  partly  to  see  his  property,  partly  to  trace  the  New  York  forma- 
tions, and  partly  to  make  purchases  of  mineral  lands  for  some  gentlemen 
in  New  York.  The  banking  system  was  uncertain  then,  and  it  was  nec- 
essary to  carry  the  whole  sum  to  be  invested  sewed  into  the  lining  of 
his  clothes- 
While  on  this  journey  he  remained  for  a  few  daysjn  the  house  of  Mr 
Henry  Newberry,  at  Cuyahoga  Falls,  Ohio,  where  he  became  acquainted 
with  John  S.  Newberry,  then  a  lad  of  nineteen,  who  had  become  an  en- 
thusiastic collector  of  Coal  Measures  plants  from  his  father's  coal  mine. 
He  was  able  to  give  valuable  information  to  Professor  Hall  respecting 
the  distribution  of  the  principal  beds  near  Cleveland,  which  aided  ma- 
terially in  determining  plans  for  the  journey,  while  he  received  in  return 
the  generic  names  of  the  plants  which  he  had  collected.  This  brief  as- 
sociation had  its  influence  on  the  lives  of  both.  More  than  once  Dr 
Newberry  spoke  to  me  of  Hall's  extraordinary  gentleness  and  attractive- 
ness, while  Professor  Hall's  face  always  brightened  as  he  spoke  of  the 
guileless  boy  whom  he  met  at  Cuyahoga  Falls. 
Upon  returning  to  Albany,  Professor  Hall  found  Mr  Conrad  in  a  de- 
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cided  frame  of  mind.  As  paleontologist  of  the  survey,  he  had  found  an 
accumulation  of  material  that  seemed  too  much  for  a  lifetime.  "  To 
describe  and  figure  the  new  species  alone  would  require  a  great  quarto 
volume  with  more  than  one  hundred  plates,"  was  his  moan.  The  pros- 
pect so  terrified  him  that  soon  afterward  he  threw  off  the  work  and 
returned  to  Philadelphia.  Mather  was  already  in  Ohio  and  Vanuxeni 
had  detoi'mine^  to  retire  to  his  farm.  Hall  and  Emmons  remained  in 
Albany,  desirous  of  retaining  connection  with  state  work  that  they  might 
continue  their  studies.  They  were  employed  for  a  time  in  arranging  the 
mass  of  material  gathered  during;  the  survey  work.  While  thus  engagetl, 
they  discovered  that  the  paleontology  would  prove  even  more  important 
than  Conrad  had  imagined.  Each  determined  to  be  the  paleontologist. 
The  contest  was  hardly  what  might  be  termed  friend  13%  but  the  outcome 
was  that  the  paleontology  was  assigned  to  Hall,  while  Emmons  was 
commissioned  to  write  up  the  agriculture,  and  was  appointed  custodian 
or  curator  of  the  collections.  But  the  new  officials  had  hardly  eettle<i 
down  to  hard  work  when  the  legislature  transferred  the  collections,  or 
the  cabinet  of  natural  history,  to  the  care  of  the  Board  of  R^ents  of 
the  University  of  the  State  of  New  York.  The  secretary  of  that  board 
removed  Doctor  Emmons  from  the  curatorship  and  thrust  both  of  the 
geologists  out  of  their  quarters  in  the  old  State  house.  Soon  afterward 
appropriations  for  the  paleontology  were  cut  off,  except,  curiously  enough, 
those  for  the  engraving,  which  were  not  opposed,  but  rather  favored.  At 
that  time  was  begun  a  contest  between  Professor  Hall  and  the  board  of 
regents  which  lasted  for  a  number  of  years.  When  the  executive  officer 
of  the  board  was  changed  the  relations  became  friendly  again,  and  so 
remained  for  many  years. 

Expelled  from  the  State  house.  Professor  Hall  at  once  erected  a  build- 
ing adjoining  his  residence,  where  his  work  was  carried  on  until  ltS.V2, 
when  he  removed  to  a  larger  house.  In  1857,  after  the  state  had  begun 
appropriations  for  collecting  fossils,  he  erected  a  very  commodious  brick 
building,  in  which  the  work  was  done  until  within  a  few  years  of  his 
death.  The  first  volume  of  the  Paleontology  was  published  in  1847  and 
made  a  notable  impression,  though  themeclianical  execution  of  the  work, 
as  well  as  the  work  itself,  was  far  below^  the  standard  of  later  vears.  The 
second  volume,  published  in  1852,  was  a  great  improvement  upon  the 
first,  both  in  matter  and  manner,  but  prior  to  the  appearance  of  the 
latter  volume  the  state  had  abandoned  further  prosecution  of  the  work. 
Its  magnitude  had  not  been  foreseen  at  the  beginning,  but  before  the 
second  volume  was  com})leted  it  was  clear  that  the  extent  could  hardly 
be  foretold.  This  phase  was  em{)hasized  so  strongly  by  Professor  Hall's 
chief  opponent  that  frugal  legislators  were  induced,  in  1850,  to  cut  off  all 
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appropriations  for  current  expenses  and  salaries,  though  for  some  reason 
which  does  not  appear  on  the  surface  the  engraving  contract  was  cared 
for  and  a  small  appropriation  was  made  for  drawings. 

The  state  abandoned  the  work,  but  Professor  Hall  did  not.  Confident 
that  it  would  be  resumed,  he  retained  his  assistants  for  a  time  and  con- 
tinued the  collecting  and  drawing  until  1855,  paying  practically  the 
whole  cost.  Despairing  then  of  any  assistance  from  the  state,  he  ac- 
cepted the  proposition,  made  years  before,  by  Sir  William  E.  Logan, 
that  he  go  to  Canada  as  paleontologist  with  the  expectation  of  becoming 
head  of  the  survey  upon  Sir  William's  retirement  in  the  near  future. 
But,  during  the  five  years.  Professor  Hall  had  exhausted  his  cash  re- 
sources and  had  incurred  obligations  which  were  pressing.  A  consider- 
able sum  of  money  was  needed  to  pay  his  debts  and  to  take  him  to 
Canada. 

There  was  nothing  available  except  the  Ohio  land,  which  he  had  kept, 
not  to  be  sold  until  advancing  years  should  render  him  unable  to  work- 
He  always  maintained  that  the  property  would  be  very  valuable  before 
his  sixtieth  birthday ;  but  the  sale  had  to  be  made,  and  he  accepted  an 
offer  of  $15,000,  which  enabled  him  to  pay  the  obligations  incurred  to 
continue  the  work.  Ten  years  afterward  the  property  was  valued  at 
8200,000.  Had  it  not  been  for  this  sacrifice,  the  "  Paleontology  of  the 
State  of  New  York  "  would  have  been  closed  with  the  second  volume? 
in  1852. 

In  1855  the  Honorable  Elias  Leavenworth,  then  recently  elected  Sec- 
retary of  State,  learned  that  Professor  Hall  had  determined  to  go  to 
Canada.  Realizing  that  to  abandon  the  work  in  its  incomplete  condi- 
tion would  be  discreditable  to  the  state,  he  urged  Professor  Hall  to 
delay,  and  called  a  meeting  at  his  house  to  consider  the  matter.  That 
meeting  was  attended  by  Professor  J.  D.  Dana,  Professor  Agassiz,  Sir 
William  E.  Logan,  Mr  Blatchford,  and,  among  others,  by  Dr  Beck,  then, 
as  for  many  years  previously.  Secretary  of  the  Board  of  Regents.  At 
this  conference  a  plan  for  continuing  the  work  was  i:)repared.  Professor 
Hall  consenting  to  remain  in  case  the  legislature  confirmed  the  agree- 
ment. The  influence  of  Mr  Leavenworth  and  Mr  Blatchford  ])re vailed 
with  the  legislature,  and  Professor  Hall  remained  to  carry  on  the  work 
for  43  years. 

I  have  thought  well  to  dwell  somewhat  in  detail  upon  these  matters. 
Professor  Hall  was  severely  criticised  because  of  the  long  intervals  be- 
tween the  appearance  of  his  second,  third,  and  fourth  volumes.  Much 
of  the  criticism  was  due,  no  doubt,  to  the  ignorance  of  the  critics,  who 
appear  to  have  imagined  that  drawings  of  fossils  can  be  made  as  rapidly 
as  sketches  of  scenery,  and  that  the  writing  of  descriptions  involves  no 
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more  labor  than  the  preparation  of  a  report  on  a  fire  for  a  daily  paper. 
The  more  intelligent  criticism  was  due  to  ignorance  of  the  conditions— 
that  the  state  had  abandoned  the  work,  that  the  office  staff  had  become 
broken,  and  that  new  hands  as  well  as  new  minds  had  to  be  trained ; 
that  the  work  had,  as  it  were,  to  be  begun  de  novo.  Even  now  it  is  not 
generally  known  that  the  great  collections  upon  which  much  of  the  state 
paleontology  is  based  were  made  by  Professor  Hall  at  his  own  expense 
prior  to  1856  and  very  largely  at  his  expense  after  1866,  the  appropri- 
ations for  collecting  as  such  having  continued  practically  only  from  1856 
to  1866. 

The  delay  in  beginning  to  publish  the  volumes  after  the  third  was  due 
to  exceedingly  wise  forethought.  The  work  was  published  fragmentarily. 
so  that  results  were  made  available  to  workers  everywhere  almost  as  smin 
as  they  were  obtained,  but  the  volumes  did  not  appear  promptly.  Had 
they  appeared  promptly,  had  each  division  been  finished  in  order,  the 
work  could  have  been  stopped  at  any  time ;  but  the  drawing  and  engrav- 
ing went  on  for  several  volumes  simultaneously,  so  that  at  no  time  for  a 
number  of  years  was  any  volume  very  near  completion,  but  so  much 
work  had  been  done  on  all  that  continuation  was  necessary  in  order  to 
save  what  had  been  expended  already.  More  than  once  this  argument 
prevailed  with  an  unwilling  committee,  and  the  appropriations  were 
ordered.  On  one  occasion  a  very  prominent  citizen  of  New  York  city 
told  me  that  there  was  no  longer  any  use  in  trying  to  head  off  Professor 
Hall,  for  "  he  keeps  so  far  ahead  in  his  work  that  out  of  mere  shame  it 
is  necessary  to  keep  him  at  it." 

The  great  mass  of  his  publications  appeared  after  he  had  reached  three 
score  years,  an  age  when  most  men  feel  that  the  burdens  of  life  should 
be  lessened.  He  kept  himself  young  by  persistent  work,  and  when 
eighty-six  years  old  his  mind  was  keen,  more  ready  to  accept  new  ideas 
and  to  reject  erroneous,  though  cherished  opinions,  than  when  he  w;is 
but  thirty  years  old. 

Professor  HalPs  energies,  however,  were  not  confined  to  the  work  in 
New  York.  Forty-seven  years  ago  he  contributed  three  important 
chapters  to  Foster  and  Whitney's  report  on  the  Lake  Superior  region; 
fifty-three  years  ago  he  prepared  a  discussion  for  Fremont's  report,  and 
soon  afterward  another  for  Stansbury's.  His  share  of  the  Mexican 
Boundary  report,  publislied  more  than  forty  years  ago,  occupied  UK) 
quarto  pages.  In  the  early  fifties  he  sent  Meek  and  Hayden  to  the  Black 
Hills  region  to  make  collections  of  vertebrates  and  invertebrates,  thus 
initiating  the  great  work  done  afterward  in  the  far  west  by  those  ex- 
plorers. He  was  state  geologist  of  Iowa  and  afterward  of  Wisconsin, 
meeting  in  each  case  with  the  degree  of  success  which  usually  attends 
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attempts  to  direct  the  survey  of  one  commonwealth  while  residing  in 
another,  though  he  was  able  to  publish  important  reports.  He  con- 
tributed an  elaborate  memoir  to  the  Canada  Survey  publications.  In 
later  years  his  excursions  into  other  states  were  confined  to  paleonto- 
logical  work,  much  of  which  was  published  jointly  by  himself  and  Pro- 
fessor R.  P.  Whitfield,  the  more  important  memoirs  being  those  upon 
Ohio,  Kentucky,  and  the  Fortieth  Parallel. 

At  the  very  outset  of  his  career,  when  only  21  years  old,  he  succeeded 
in  determining  the  position  of  our  Pennsylvania  anthracites  in  the  geo- 
logical column.  Eaton,  in  the  second  edition  of  his  text-book,  refers  to 
proofs  obtained  at  Carbondale  by  his  pupils  in  1832,  showing  the  Amer- 
ican coals,  "  bituminous  and  anasphalt,"  to  be  equivalent  to  those  of 
Europe.  The  study  of  those  fossils  was  by  Hall,  who  made  still  further 
collections  of  coal  plants,  and  determined  25  species.  Eaton  referred  to 
this  work  in  1833  as  the  joint  work  of  himself  and  Mr  Hall.  "  It  was 
the  intention  of  Mr  Hall  and  myself  to  have  determined  the  names  of 
all  which  had  been  determined  by  M.  Brogniart,  and  to  have  given  litho- 
graphic figures  of  the  remainder,  but  we  are  prevented  by  other  engage- 
ments."'* At  that  time  Hall  was  applying  his  knowledge  of  recent 
botany  to  paleobotany,  so  that  he  was  enabled  to  give  to  Eaton  the 
generalization  which  had  escaped  the  Pennsylvania  geologists,  for,  accord- 
ing to  Ivcsley,  even  3  years  later,  Taylor  and  others  "  drew  a  sharp  dis- 
tinction in  a^e  between  Broad  Top  and  Alleghany  Mountain  coal,  and 
even  Rogers  expres3e(l  a  doubt  of  their  identity  in  an  annual  report."  f 

Professor  HaiPs  influence  upon  American  geology  began  with  his 
reports.  One  must  concede  in  all  fairness  that  some  of  Professor  Hall's 
friends  in  the  earlier  days  gave  him  rather  more  credit  for  the  New  York 
state  work  than  was  properly  his  share,  much  more  indeed  than  he  ever 
claimed,  the  result  being  that  in  the  minds  of  many  he  is  thought  to  be 
entitled  to  the  whole  credit  for  the  subdivision  of  the  column.  Conrad, 
Vanuxem,  Eaton,  and  Emmons  did  good  work;  Conrad  and  Vanuxem 
on  the  survey  did  great  work,  which  went  far  toward  determining  the 
section.  Let  us  not  fail  to  honor  the  men  who  were  Hall's  associates  on 
that  survey.  Because  they  were  not  great  in  so  many  ways  as  Hall,  they 
fall,  as  it  were,  deeply  into  shadow,  and  we  are  liable  to  overlook  their 
excellence ;  the  more  so  because  nearly  every  one  of  them  died  before 
the  younger  generation  of  geologists  were  out^  of  swaddling  clothes, 
and  to  most  of  us  they  are  but  names. 

Yet  the  credit  for  final,  authoritative  determination  of  the  column 
must  be  given  to  Hall  and  to  him  alone.    With  the  rest  he  had  labored 

♦Amer.  Jour.  Science,  vol.  xxili,  p.  390. 

t Second  Geol.  Surv.  of  Pennsylvania,  Report  A,  p.  18. 
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to  subdivide  the  column  on  physical  grounds.  The  importance  of  pale- 
ontological  confirmation  was  felt  l»y  all,  and  Conrad  had  tried  to  make 
the  confirmation,  but  the  examination  of  his  list  of  fossils  shows  how 
defective  his  data  were.  The  column  thus  divided  was  useful  onlv  for 
direct  tracing  and  afforded  nothing  for  general  service.  Professor  Hall 
determined  the  fossils  of  each  division,  proved  that  the  formations  de- 
fined on  physical  grounds  are  practically  coextensive  with  those  defined 
on  paleontological  grounds,  and  so  gave  means  for  identification  over 
broad  areas.  As  this  work  was  done  within  an  offshore  region,  where 
changes  in  conditions  were  exceptionally  numerous  and  positive,  a  too 
rigid  application  of  the  New  York  measuring  line  led  at  first  to  errors  of 
correlation  elsewhere;  but  those  errors  were  inseparable  from  the  times, 
when  all  the  workers  were  self-trained  and  were  becoming  good  geol- 
ogists only  by  correcting  their  own  errors. 

Conrad  was  the  first  in  our  country  to  make  extended  study  of  Paleo- 
zoic fossils,  but  he  soon  abandoned  the  work.  For  a  long  time  Professor 
Hall  had  the  field  so  thoroughly  to  himself  that  he  came  to  regard  it  as 
his  own.  For  more  than  half  a  score  of  years  he  resented  with  great 
energy  and  no  little  acerbity  any  intrusion  upon  his  domain.  His  great 
knowledge  of  forms,  necessarily  far  beyond  that  of  any  other  American 
student,  rendered  him  not  sufficiently  tolerant  of  opposing  opinions,  and 
too  frequently  his  criticisms  had  a  scornful  tone,  which  secured  to  him 
as  an  inalienable  possession  the  implacable  hatred  of  some  of  his  con- 
temporaries. But  the  systematic  revision  of  his  own  work,  begun  almost 
two-thirds  of  a  century  ago,  made  its  defects  so  manifest  to  him  as  abso- 
lutely to  change  his  disposition  toward  fellow-students  in  paleontology. 
As  the  years  went  by  ill-will  toward  scientific  men  who,  as  he  believed, 
had  done  him  injustice,  disappeared  ;  he  sought  friendship  and  cooper- 
ation where  before  he  had  repelled  both.  There  were  men  for  whom  to 
the  last  he  entertained  certainly  no  affection.  To  have  been  indifferent 
toward  them  would  have  required  him  to  be  either  more  or  less  than 
man,  and  he  was  neither. 

Professor  HalPs  thorough  method  of  investigation  was  all  his  own, 
and  the  laboratory  on  the  Albany  hill  was  a  training  school  for  Amer- 
ican paleontologists.  One  after  another  of  his  assistants  having  begun 
with  him  at  the  alphabet  of  the  work  went  out  to  hew  a  special  path  for 
himself  and  to  make  American  science  respected.  When  we  think  of 
Meek,  White,  Whitfield,  Walcott,  Beecher,  and  Clarke,  we  think  of  Amer- 
ican paleontology,  for  those  men  have  given  most  of  the  literature  on 
invertebrate  paleontology,  aside  from  that  published  by  Hall  himself. 
He  impressed  himself  upon  his  assistants  while  he  cultivated  in  them 
powers  which  he  did  not  possess  himself.     He  was  a  great  teacher,  for 
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though  we  can  not  fail  to  see  his  impress  in  the  method  of  every  man 
who  ever  labored  with  him,  yet  we  find  the  individuality  of  every  man 
unchanged,  so  that  his  independent  work  is  characteristically  his  own. 
As  a  mere  collector,  Professor  Hall  could  hardly  be  surpassed.  He 
knew  no  duplicates;  no  two  specimens  of  any  species  seemed  precisely 
alike.  He  was  one  of  the  first  to  maintain  the  danger  of  mere  species- 
making,  and  fo  insist  on  the  gathering  of  abundant  material.  When  he 
collected,  he  collected  all  there  was.  He  believed  in  thorough  work, 
whether  in  collecting  or  in  studying.  His  first  collection,  on  which  was 
based  much  of  his  published  work,  went  to  the  American  Museum  of 
Natural  History  in  New  York  city,  and  much  of  the  money  obtained  for 
it  was  expended  in  gathering  another  collection  of  immense  bulk. 

There  is  danger  of  forgetting  that  Professor  Hall  was  preeminently  a 
geologist.  His  quartos  on  the  New  York  paleontology  are  his  monu- 
ment, and  the  casual  observer  is  liable  to  see  in  him  a  biologist  rather 
than  a  geologist ;  but  until  his  later  years  he  was  a  geologist.  His  studies 
were  from  the  standpoint  of  one  seeking  to  determine  relations  between 
the  physical  and  biological  conditions  in  order  to  solve  problems  of  cor- 
relation. The  great  problems  of  geology,  not  those  of  biology,  were 
uppermost  in  his  mind  until  less  than  twenty  years  ago.  His  presiden- 
tial address  to  the  American  Association  for  the  Advancement  of  Science, 
in  1857,  was  so  far  in  advance  of  the  time  as  to  be  thought  not  merely 
absurd  but  mystical ;  yet  today  it  is  recognized  as  one  of  the  most  im- 
portant contributions  to  one  of  the  most  difficult  problems  in  physical 
geology.  Even  in  his  later  years,  when  biological  problems  had  assumed 
their  proper  importance  for  him,  he  would  have  resented  an  intimation 
that  he  was  any  less  of  geologist  than  before.  When  he  succeeded  in 
rehabilitating  the  New  York  survey,  the  economic  side  was  not  forgotten, 
and  the  annual  reports  presented  to  the  legislature  have  been  of  late 
years  as  useful  from  the  economic  as  from  the  scientific  standpoint. 

Professor  Hall's  work  received  recognition  at  home  and  abroad.  He 
was  foreign  member  of  the  L  )ndon  Geological  Society,  vice-president  of 
the  French  Geological  Society,  correspondent  of  the  Institute,  foreign 
member  of  the  Lincei,  and  of  many  other  societies  and  academies.  He 
had  received  the  Wollaston  medal  and  had  been  decorated  by  several 
monarchs.  He  was  vice-president  of  the  Geological  Congresses  at  Paris 
and  Bologna  and  honorary  president  of  that  at  Washington.  He  was  a 
charter  member  of  the  National  Academy  of  Sciences  and  was  president 
of  the  American  Association  in  1856.  He  received  the  degree  of  LL.  D. 
from  Hamilton  College  in  1863  and  from  McGill  University  in  1884. 

Asa  youth,  Professor  Hall  must  have  been  merry  and  inclined  to  cast 
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care  to  the  winds.  The  old  daguerreotype,  reproduced  here,  suggest? 
such  a  disposition,  and  Dr  Newberry's  description  of  him  as  a  younp 
man  of  sunny  temperament,  a  delightful  and  absolutely  irresistible  com- 
panion, is  such  as  one  knowing  him  well  in  his  later  days  would  imagine. 
The  contrast  between  the  countenance  of  the  young  man  at  35  and  that 
of  the  old  man  at  four  score  tells  the  story  of  a  life  filled  with  conflict. 
Burdens  came  early,  but  they  belonged  to  the  normal  struggles  of  a  New 
England  youth,  and  had  no  effect  except  perhaps  to  make  him  more 
self-centered.  Intimate  association  in  the  formative  period  with  men 
like  Eaton  and  Emmons,  the  incarnation  of  dogmatism,  must  have  in- 
creased and  confirmed  a  similar  tendency  in  him,  but  could  not  have 
affected  his  disposition.  Had  matters  run  smoothly  for  half  a  score  of 
years  after  the  close  of  the  survey,  his  life  might  have  been  an  easier  one ; 
but  he  learned  almost  at  once  that  a  friend  is  a  vain  thing  to  lean  upon, 
and  soon  afterward  he  was  plunged  into  official  conflicts,  which  laste<l 
in  one  way  or  another  until  within  three  years  of  his  death. 

The  fundamental  feature  of  his  character  was  childlike  simplicity 
united  to  self-confidence  and  indomitable  energy.  Simplicity  kept  hini 
from  concealment  of  his  purposes  and  self-confidence  kept  him  from 
seeking  easy  modes  of  accomplishing  them.  Knowing  what  he  wanted, 
he  took  a  direct  line,  with  little  regard  for  anybody  or  anything  which 
might  be  in  the  way  to  oppose.  In  early  days  the  Albany  officials  did 
not  understand  him,  believing  his  frankness  to  be  but  the  cover  for  craft- 
iness. He  deceived  his  opponents  by  always  telling  the  truth,  some- 
thing strange  to  politicians  ;  but  in  time  they  came  to  understand  him 
well,  and  strong  men  sought  combat  simply  to  measure  strength,  as  in 
gladiatorial  contests  of  olden  time.  Almost  invariably  he  was  victi>ri- 
ous,  but  victory  was  often  worse  than  defeat,  for  it  converted  into  life- 
long enemies  men  who  before  had  been  merely  indifferent,  and  so  it 
came  about  that,  as  a  leading  senator  once  said,  **  eternal  vigilance  is  the 
price  of  Professor  Hall's  position."  He  held  his  place  for  almost  two- 
thirds  of  a  century  through  no  favor  of  man,  but  solely  because  he 
refused  to  be  displaced.  His  influence  over  governors,  comptrollers,  sec- 
retaries, and  legislators  was  lost  for  little  more  than  five  years  during 
the  long  period  from  1843  to  1898.  In  bitter  contest  for  years  with  a 
bureau  of  the  state  government  and  at  times  with  prominent  officials, 
he  was  pestered  again  and  again  with  committees  appointed  too  often 
not  to  investigate,  but  to  condemn.  With  few  exceptions,  those  com- 
mittees appointed  to  curse  returned  to  bless.  Indeed,  as  Judge  Draper 
once  said,  it  is  probable  that  Professor  Hall  drove  more  investigation 
committees  up  the  stump  than  did  any  other  man  or  group  of  men  in 
our  time. 
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Absolutely  ignorant  of  the  art  of  lobbying,  unwilling  or  unable  to  con- 
ciliate an  adversary,  possessing  pronounced  political  principles  which 
he  never  concealed,  this  man  bj'  sheer  force  of  will  compelled  men  to 
rise  superior  to  all  party  calls ;  so  that  throughout  his  career  there  were 
men  of  all  shades  of  political  opinion,  inside  and  outside  of  the  legisla- 
ture, who  held  the  preservation  of  his  work  to  be  a  matter  of  supreme 
necessity  for  the  welfare  of  the  state. 

But  contests  such  as  these,  beginning  in  his  early  manhood,  did  not 
leave  him  unscarred.  Surrounded  by  men  hating  him  for  his  success, 
harassed  by  men  anxious  to  reap  the  harvest  which  he  had  sowed,  his 
life  became  one  continuous  anxiety.  In  later  years  his  political  and 
official  foes  were  reinforced  by  others,  who  seemed  to  feel  that  be  had 
done  injustice  to  the  world  by  living  too  long  and  thereby  securing 
more  than  his  share  of  profit.  It  is  not  strange  that  he  was  often  stern 
and  forbidding,  carrying  into  scientific  disputes  the  manner  which  was 
his  wont  when  dealing  with  official  adversaries ;  but  it  was  easy  to  find 
the  man  if  only  one  would,  for  in  personal  relations  he  gave  his  confi- 
dence as  freely  and  affectionately  as  a  child. 

Take  him  all  in  all.  Professor  Hall  was  a  great  man.  His  excellencies 
were  towering,  his  faults  glaring.  Transparent  as  crystal,  his  course  was 
frank,  open,  and  his  word  as  good  as  a  bond.  His  friends  would  do  any- 
thing for  him;  his  enemies  would  do  anything  against  him.  No  one 
knowing  him  remained  indifferent.  For  a  friend  he  would  sacrifice  his 
own  interests  at  any  time.  He  was  every  read  to  crush  an  enemy  in 
the  abstract,  but  the  enemy  in  the  concrete,  if  needing  assistance,  could 
find  no  readier  helper  than  he.  Years  of  bitter  aspersion  were  forgotten 
more  than  once  when  a  slanderer  became  needy,  and  Professor  Hall  was 
quick  to  risk  his  own  in  rendering  aid.  He  knew  well  how  to  distinguish 
between  friend  and  flatterer.  The  wounds  of  a  friend  were  never  resented, 
lie  never  desired  his  friends,  in  proof  of  friendship,  to  share  in  his 
enmities.  He  was  a  manly  man,  with  a  single  aim  throughout  his  life. 
Like  a  sturdy  knight  of  medieval  times,  he  kept  his  face  toward  the  goal, 
turning  neither  to  the  right  nor  to  the  left — one  of  the  grandest  and  most 
picturesque  figures  in  the  history  of  our  science. 

As  he  lived,  so  he  died,  self-reliant  to  the  last.  In  1897,  at  Saint  Peters- 
burg, he  said  that  he  intended  to  send  his  likeness  to  me  in  a  gold  frame, 
but  not  at  once,  as  it  would  seem  too  much  like  the  last  farewell.  During 
the  winter  of  1897-1898  he  had  several  severe  attacks  of  vertigo,  and  in 
the  spring  he  wrote  that  there  were  evidences  of  giving  way,  such  as  to 
convince  him  that  the  work  might  not  go  on  much  longer.  In  July  he 
must  have  felt  that  the  end  was  approaching,  for  he  sent  the  likeness  on  , 
the  plate  of  gold  just  as  he  left  Albany  for  Echo  Hill. 
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Though  in  good  spirits  and  apparently  in  reasonably  good  physical 
condition  when  leaving  Albany,  he  was  stricken  by  vertigo  soon  aftt-r 
arriving  at  the  hotel.  This  attack  left  him  so  enfeebled  that  the  local 
physician  urged  his  return  to  Albany.  He  refused,  preferring  to  remain 
where  he  was  and  to  await  the  end,  which  was  likely  to  come  suddenly. 
His  letters  gave  no  intimation  of  the  conditions,  but  were  writteo  as 
calmly  as  though  life  were  but  beginning.  Affairs  of  the  survey  received 
his  attention  in  detail,  and  a  long  letter  respecting  them  was  written 
only  two  days  before  his  death,  when  he  was  confined  to  his  bed. 

The  end  came  as  he  appears  to  have  expected.  On  Sunday  afternoon, 
August  7,  a  servant  carried  a  cup  of  beef  tea  to  him  and  placed  it  near 
his  bed.  As  she  left  the  room  she  heard  a  crash,  and,  returning,  found 
him  lying  on  the  floor  beside  the  bed,  dead.  The  effort  to  take  the  cup 
from  the  chair  had  brought  on  cerebral  apoplexy,  causing  immediate 
and  painless  death.     He  lies  buried  in  Albany,  New  York. 

In  1843  Professor  Hall  married  Susan,  daughter  of  John  Aiken,  a 
lawyer  of  Troy,  New  York.  She  died  April  25,  1895.  Four  children, 
two  daughters  and  two  sons,  survive  him. 
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The  presentation  of  scientific  papers  was  introduced  by  the  annoal 
address  of  the  President,  entitled  : 

OUR  SOCIETY 
BY  THB  PBE8IDBNT,   JOHN   J.    6TBVBN80N 

This  address  is  printed  as  pa^es  83-98  of  this  volume ;  also  in  Science, 
volume  ix,  pages  41-52. 

Following  the  President's  address  the  second  paper  of  the  program 
was  read : 

ARCBEAN-POTSDAM  CONTACT  IN  TBE  VICINITY  OF  MANITOU,  COLORADO 

BY   W.    O.    CK08BY 

This  paper  is  printed  as  pages  141-164  of  this  volume. 

The  Society  adjourned  for  lunch  and  reconvened  at  2.15  o'clock  p  m. 
In  the  absence  of  President  Stevenson,  First  Vice-President  Emerson 
occupied  the  chair  during  the  afternoon  session.  The  first  paper  of  this 
session  was 

OUTLINE  OP  THE  OEOLOGY  OF  HUDSONS  BA  Y  AND  STRAIT 

BY   ROBEKT  BELL 

Remarks  were  made  by  the  chairman  and  by  J.  B.  Tyrrell,  David 
White,  and  H.  S.  Williams. 

The  next  paper  was 

UPPER  ORDOVICIAN  FAUNAS  IN  LAKE  CHAMPLAIN  VALLEY 

BY  THRODORB  O.  WHITB 
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Introduction 

This  paper  is  a  preliminary  study  of  the  faunas  contained  in  strata  of  the  Black 
River,  Trenton,  and  XJtica  formations  in  the  valley  in  which  lake  Champlain  lies. 
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Cojnparatively  little  attention  has  been  given  to  the  paleontology  of  the  region 
until  quite  recently,  but  the  field  is  one  which  affords  unusually  good  opportuni- 
ties for  the  study  of  the  entire  Ordovician  series  from  the  base  of  the  Calciferous 
to  an  horizon  which  is  at  least  well  up  toward  the  top  of  the  Utica  slates.  The 
inetamorphism  which  a  short  distance  from  the  lake  on  the  Vermont  side  nearly 
obliterated  the  fossil  contents  of  the  rocks  did  not  extend  to  the  edge  of  the  lake 
in  most  cases.  This  is  contrary  to  the  impression  which  might  be  gained  from 
the  legend  employed  on  the  large  wall-map  of  the  state  by  Professor  Hall  and 
Mr  McGee  (1894).  On  both  lake  shores  are  numerous  localities  where  the  low- 
dipping  strata  abound  in  remains  of  organisms  and  afford  excellent  advantages  for 
the  study  of  a  continuous  section. 

The  results  in  the  present  paper  represent  the  summary  of  a  detailed  laboratory 
examination  of  a  mass  of  material,  aggregating  several  tons  in  weight,  collected 
at  the  localities  described  during  the  summers  from  1893  to  1896,  inclusive,  and 
now  deposited  in  the  geological  museum  of  Columbia  University. 

In  the  early  period  of  the  organization  of  the  New  York  state  geological  survey 
but  little  attention  was  devoted  to  the  details  of  stratigraphy  or  enumerations  of 
the  fossils  contained  in  the  formations  which  comprised  the  **  Champlain  division  ** 
of  the  New  York  system  before  that  divisional  designation  was  transferred  to  the 
upper  portion  of  the  geological  column.  Volume  I  of  the  Palaeontology  of  New 
York  mentions  but  16  fossil  species  from  the  three  formations  under  consideration, 
in  the  Champlain  valley,  4  from  the  Black  River  zone,  12  from  the  Trenton,  and  none 
from  the  Utica  or  the  Hudson.  The  1861  report  on  the  Geology  of  Vermont  enu- 
merates 32  Trenton  and  5  Utica  species.  Our  investigations  to  date,  in  the  localities 
enumerated  in  the  present  contribution,  show  more  than  100  species,  exclusive  of 
corals,  bryozoa,  and  ostracods,  of  each  of  which  groups  there  are  many  representa* 
tives,  and  which  are  now  in  the  hands  of  Mr  E.  0.  Ulrich  for  identification. 

The  close  detailed  work  of  Logan,  published  in  the  1863  report  on  the  geology  of 
Canada,  added  much  information  regarding  the  stratigraphy  of  the  northern  end 
of  the  lake.  The  papers  of  Marcou,*  in  connection  with  the  Cambrian  and  Taconic 
controversies,  and  the  theory  of  precursory  **  colonies,"  have  increased  our  knowl- 
edge of  several  of  the  Ordovician  localities.  More  recently  the  papers  of  Walcott,t 
Whitfield.J  Brainerd  and  Seely,J  Kemp,||  Cashing,  1[  Ells,**  and  Ami  ft  have  largely 
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The  shales  which  formed  the  traneition  to  the  Utica  mast  have  been  very  8oft- 
aiid  therefore  have  been  eroded  away  very  readily,  for  nowhere  have  the  tran<i, 
tion  bedfl  between  these  two  formations  been  found  in  position,  whereas  in  several 
cases  where  the  succession  of  the  series  would  lead  us  to  expect  to  find  them  a 
fiUed-in  brook  channel,  beach,  or  fault  will  be  found  to  intervene. 

The  Utica  slates  have  a  thickness  of  several  hundred  feet  throughout  the  valley, 
and  are  qnite  uniformly  of  a  rather  soft  friable  character  and  the  contained  faoiia 
composed  of  small  sized  individuals.  These  rocks  have  suffered  more  from  dynamic 
uietamorphism  than  those  of  the  formations  beneath. 

The  early  reports  were  inclined  to  consider  the  Hudson  River  group  as  being 
largely  represented  in  the  region.  Most  of  the  strata  once  referred  to  the  gronpare 
now  known  to  be  of  Cambrian  age.  The  islands  in  the  lake  referred  to  the  Hudson 
by  the  Vermont  survey  have  in  several  cases  proved  to  belong  to  the  Calciferous. 
We  nowhere  found  fossils  which  might  be  considered  typical  of  the  Hudson,  soch 
as  Flerinea  demissa  (Conrad),  CcUazt/ga  errati^xt  Hall,  Dalmanella  emaceraia  Hall,(.Vr/o- 
lites  omatiM  Conrad,  Modiolopm  carta  Hall,  nor  any  of  the  graptolites  referred  to 
that  group  by  Lapworth,*  while  all  the  fossils  found  in  the  upper  strata  were  of 
well  known  Utica  facies.  Professors  Brainerd  and  Seely,  at  Shoreham,  and  Mr 
Walcott,at  Highgate  Springs,  employed  the  term  **  Hudson'*  for  the  upper  portion 
of  the  slates,  simply  because  the  thickness  represented  seemed  to  be  greater  than 
that  usually  as.signed  to  the  Utica  alone,  and  no  fossils  were  found  by  them.  On 
Cumberland  head  and  Grand  isle,  however,  we  found  a  thickness  of  strata  prob- 
ably fully  as  great,  which  contained  scattered  Utica  fossils  throughout.  Erosion 
and  glacial  plowing  has  no  doubt  removed  a  great  thickness  of  deposits,  but  even 
the  elevated  *' outliers"  already  referred  to  give  no  indication  that  strata  superior 
to  the  Utit«  were  deposited  in  the  district. 

At  numerous  localities  the  rock  is  under  stress  and  conchoidally  fracturing  chips 
of  the  tougher  limestone  fly  off  under  a  comparatively  light  blow  of  the  hammer. 

4 

Summary  of  the  Sections  examined 

IN  OBSSRAL 

As  already  stated,  the  detailed  feunal  lists  for  each  section  will  be  published  else- 
where. It  is  therefore  only  necessary  here  to  give  an  idea  of  the  completene!»s  of 
the  sections  studied  before  summarizing  the  faunal  lists. 

LARRABSB  POINT 

The  most  southerly  section  is  that  at  Larrabee  point,  Addison  county, Vermont, 
nearly  opposite  historic  fort  Ticonderoga.  A  nearly  continuous  section  is  here 
presented  in  a  small  abandoned  quarry  and  along  the  shore,  with  a  general  dip  of 
10  degrees  north.  Over  40  feet  of  Calciferous  and  Chazy  limestones  occur  in  prox- 
imity to  the  base  of  the  section,  but  the  transition  beds  to  the  base  of  the  Black 
River  are  not  shown.  The  section  begins  with  12  feet  of  compact  black  limestone, 
with  shaly  partings,  the  fossil  contents  of  which  indicate  that  it  belongs  to  the 
top  of  the  Black  River  or  the  lower  Trenton. 

The  entire  section  is  nearly  110  feet  thick,  and  terminates  in  the  Trenton,  al- 

♦C,  Lapworth  :  Trans.  Roy.  Soc.  Cuaada,  vol.  iv,  sec.  iv,  1887,  pp.  167-184. 
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though  a  separate  outcrop  of  15  feet  of  Utica  strata  occurs  a  short  distance  to  the 
north ;  also  oh  the  opposite  side  of  the  lake  at  Addison  Junction,  New  York. 

sb'orbham 

East  of  Larrabee  point  there  are  no  important  outcrops  until  Shoreham  is  reached, 
about  3|  miles  west  of  tlie  lake.  The  ridges  of  strata  here  exposed  embrace  the 
entire  lower  Ordovician.*  They  are  much  sheared  and  crushed,  although  retain- 
ing remnants  of  a  fauna  which  was  very  abundant  and  which  corresponds  in  the 
upper  portion  to  that  of  the  base  of  the  Larrabee  Point  section. 

CROWN  POINT 

The  extreme  end  of  Crown  point,  ISssex  county,  New  York,  12J  miles  north  of 
Larrabee  point,  affords  the  next  and  for  detailed  study  the  most  satisfactory  sec- 
tion. All  four'  divisions  of  the  Calciferous,  as  classified  by  Messrs  Brainerd  and 
Seely,  overlie  the  Cambrian  with  a  thickness  of  350  feet,  followed  by  all  three  divis- 
ions of  the  Chazy,  aggregating  305  feet  thick.  The  latter  terminates  within  the  old 
French  fort  (Fort  Fi-ederick)  near  the  end  of  the  point,  with  a  bed  of  silicious  sand- 
stone or  quartzite,  which  is  also  seen  at  Valcour,  at  the  upper  end  of  the  lake.  The 
Black  River  here  attains  a  thickness  of  71  feet  3  inches  and  contains  an  abundant 
fauna.  Following  this  series  a  beach  covers  30  feet  of  horizontal  distance  and  the 
transition  beds  to  the  Trenton  proper,  although  if  no  fault  occurs  in  the  interval 
the  missing  thickness,  as  calculated  on  the  dip  of  8  degrees  north  40  degrees  west> 
is  only  4  feet.  Above  the  Black  River  a  continuous  series  of  100  feet  of  alternating 
compact,  sandy  and  shaly  layers,  all  quite  thin,  is  presented,  which  affords  con- 
stant faunal  variations  and  numerous  interesting  assemblages  of  forms.  Nearly 
the  entire  middle  and  lower  Trenton  fauna  of  the  region  is  represented  in  this  sec- 
tion. After  disappearing  under  the  lake,  which  is  very  narrow  at  this  point,  the 
Trenton  reappears,  with  beds  belonging  an  unknown  distance  above  the  former, 
followed  by  the  Utica  slates,  but  separated  from  them,  however,  by  superficial 
deposits.  The  Utica  Slates  may  be  followed  in  outcrops  at  intervals  for  8  miles 
along  the  Vermont  shore  north  of  this  locality,  to  Arnold  bay  in  Panton.  A  little 
over  2  miles  north  again  on  Button  island,  near  Vergennes,  Vermont,  is  a  remark- 
able exposure  of  the  Black  River.  In  the  lower  portion  of  the  section  is  a  thin  band 
containing  myriads  of  Leperdilia  fabuliUs  in  perfect  state  of  preservation,  and  near 
the  top  a  sharply  defined  coral  reef  band  made  up  entirely  of  Columnaria  alveo- 
lata  and  Stromatocerium  rugosum.  The  Trenton  is  exposed  in  small  outcrops  on  the 
neighboring  shore,  and  the  Utica  on  Otter  river,  between  the  lake  and  Vergennes, 
but  no  continuous  section  is  afforded. 

PLATTSBURO  AND  CUMBERLAND  HEAD 

On  Crab  island,  nearly  opposite  the  hotel  Champlain,  beds  of  the  middle  Tren- 
ton, having  a  thickness  of  nearly  100  feet,  are  shown  containing  a  fauna,  among 
which  IsoteliLS  gigas  and  several  species  of  Endoceras  occur  in  prolific  quantities  and 
of  large  size.  This  series  of  beds,  extending  up  into  the  Utica,  reappears  on  the 
shore  just  south  of  Plattsburg,  although  on  account  of  faulting  no  complete  section 
can  be  obtained. 

Beginning  at  the  head  of  Cumberland  bay,  and  extending  all  the  way  around 
Cumberland  head  and  thence  up  the  shore  around  Point-au-Roclie  is  a  series  of 

*  E.  Brainerd  and  II.  M.  Beely  :  Bull.  Am.  Mus.  Nat.  Hist.,  vol.  ill,  1890,  pp.  3-5. 
LXV— Bull.  Gwl.  Soc.  Am.,  Vol.  10,  1898 
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thin  bedded  shales  and  limestones  containing  an  interesting  fauna,  which  seeinfi 
to  be  transitionary  between  the  Trenton  and  Utica  formations,  and  also  to  com- 
mingle the  fossil  forms  of  the  New  York  Trenton  with  those  of  the  Canadian  for- 
mations described  by  Billings. 

The  outcrops  along  the  eastern  shore  occur  on  successive  promontories  which 
seem  to  be  the  result  of  a  series  of  plications  of  the  strata  which  curve  on  one  side 
and  on  the  outer  side  have  fractured  with  more  or  less  sharp  faults.  The  beds 
differ  greatly  in  hardness,  and  both  differential  erosion  and  differential  shearing 
are  seen  in  them  in  consequence. 

Owing  to  the  great  variation  of  the  dips  and  strikes  following  the  plications  of 
the  strata,  and  owing  also  to  the  numerous  faults,  all  of  which  have  been  followed 
out  and  plotted  on  the  map,  which  will  appear  in  the  full  report,  it  is  yet  impossible 
to  arrive  at  the  exact  thickness  and  relations  of  these  beds.  On  the  northeastern 
side  of  Cumberland  head  a  long,  nnfaulted,  although  considerably  metamorphosed, 
continuous  section  occurs,  which  measures  4o7  feet  in  thickness,  but  this  seems  to 
be  but  the  upper  portion  of  the  series.  The  latter  series  of  beds  reappears  on  Grand 
isle,  el^actly  opposite  this  locality,  but  not  so  great  a  thickness  is  exposed  there. 

Long  point  and  Short  point,  the  two  southern  peninsulas  of  Point-au-Rocbe,  are 
two  north  and  south  anticlinal  folds  of  these  same  strata. 

GRAND  I8LM 

At  the  southern  end  of  South  Hero,  Grand  isle,  is  an  extensive,  transversely 
eroded,  north  and  south  anticline,  which  exhibits  in  series,  beginning  with  the  top 
of  the  Calciferous,  the  entire  section  of  the  Chazy,  315  feet  in  thickness,  followed, 
after  an  interval,  by  35  feet  of  Black  River  strata,  and,  after  another  interval,  by  23 
feet  of  the  lower  Trenton  beds. 

CHAET  YiLLAOM      . 

Excellent  exposures  of  the  Black  River  are  shown  at  two  of  the  quarries  in  Chazy 
village,  Clinton  county.  New  York,  and  in  the  l)edof  the  Chazy  river.  The  lowest 
be<i8  following  the  strata  of  the  upper  Chazy  are  of  a  dove-colored  barren  limestone, 
perhaps  belonging  to  the  Birdseye,  followed  by  the  distinctive  Black  River  strata 
which  here  have  a  thickness  of  34  feet.  It  is  doubtful  whether  these  beds  extend  into 
those  of  the  Trenton  proper.    Characteristic  Black  River  fossils  occur  throughout. 

ISLS  LA  MOTTM 

Several  sections  of  the  Black  River  and  of  the  Trenton  are  shown  on  isle  la  Motte, 
but  none  of  them  are  continuous.  On  the  eastern  side  of  the  island  an  excellent 
example  is  afforded  of  the  Utica  shales  faulted  sharply  down  against  the  Trenton. 

HIGHOATB  SPMINOa 

The  Highgate  Springs  section  is  in  the  form  of  a  steep  north  and  south  anticline, 
which  at  Its  southern  end  is  curved  sharply  to  the  westward.  The  crest  of  this 
anticline  has  then  suffered  erosion,  so  that  the  whole  series  of  faunas  from  the 
Chazy  to  the  Utica  is  shown  in  consecutive  thin  bands,  extending  east  and  w^est 
on  each  side  of  the  crest.  It  was  this  condition  of  affairs  that  gave  to  Professor 
Marcou  the  idea  of  the  development  of  colonies  or  lenticles  containing  precursory 
faunas  at  this  place.* 

*  J.  Marcou :  Bull.  Boc.  Geol.  France,  part  iii,  vol.  ix,  1881,  pp.  14, 15. 
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As  this  is  the  most  northerly  locality  of  the  Trenton  which  we  have  so  far  observed 
within  the  Champlain  valley,  it  is  interesting  to  note  that  several  of  the  same  zones 
found  in  the  exti*eme  southern  section  at  Larrabee  point  persist,  although  the  ap- 
parent thickness  of  the  layers  is  a  great  deal  less  than  at  points  farther  south,  per- 
haps largelv  in  consequence  of  squeezing  and  forcing  of  the  layers  out  of  their  true 
position,  as  the  result  of  the  crumpling  of  the  anticline. 

On  the  opposite  side  of  the  lake  at  Rouse  point,  at  Point- au-Fer,  and  on  A 1  berg 
peninsula,  the  Utica  formation  occurs,  in  various  outcrops,  but  containing  few 
fossils. 

Range  of  particular  Faunas  and  Spbcibb 

The  Black  River  formation  is  characterized  in  the  region,  in  its  lower  portion, 
by  a  zone  composed  almost  exclusively  of  Leperditia  fabulUeSy  best  shown  on  Button 
island,  but  also  seen  elsewhere. 

The  next  well  marked  zone  is  that  of  Stromalocerium  rugosum^  Columnaria  alveo- 
laia^  Tdradium  fibralum,  and  Rhynchotrema  inxquivcdve^  which  extends  through  over 
60  feet  of  the  top  of  the  Black  River,  and  with  which  fossils  are  associated  Stro- 
phomena  bUlingm,  and  S.  incurvata,  Zt/gospira  recurvirodriSy  and  Z.  exigua,  Zaphrentis 
eanadentis,  SchizocrinuH  nodosus,  BumaMvs  trenttmensiSf  and  ThaUopSf  probably  ovata. 

Near  the  top  of  the  Black  River,  in  a  zone  particularly  well  marked  at  Chazy, 
New  York,  is  a  large  species  of  Madurea^  which  both  in  stratigraphic  position  and 
in  specific  characters  is  distinct  from  Maclurea  magna  of  the  Chazy.  which  occurs 
so  abundantly  in  the  neighborhood.  It  is  a  large  species,  more  rounded  than 
M.  magnay  and  marked  with  concentric  grooves  around  the  periphery,  and  is  prob- 
ably identical  with  M.  logani  of  Canada.  Its  associates  are  Stromalocerium  rugosum, 
Rafinesquina  aliemata,  Rhynchotrema  iruequivalvef  Datmunella  testudinaria^  Hormatoma 
gracilis,  Lophospira  bicincta,  Lingvla  elongaJUif  Calymmene  senaria,  Ceraurus  pleurex- 
anOiemus,  etcetera. 

DalmaneUa  tegtudinaria^  Rafinesquina  altemaia,  Plectamboniles  sericeua,  Ptotowarlhia 
canceUata,  Calymmene  senariaj  Ceraurus  pleurexanthemus^  and  Trinucleus  concentriais 
are  found  universally  through  all  the  beds  of  lake  Champlain  valley. 

Doctor  Sardeson  has  recently  attempted^  to  correlate  by  the  employment  of  spe- 
cific or  varietal  names  the  forms  of  Ple<AambonUes  sericeus  and  DalmaneUa  lestudinaria 
of  Minnesota,  and  a  suite  of  the  representatives  of  those  species  from  our  localities 
was  sent  him.  He  determines  among  them  the  varieties  P.  sericeus  aspera  James, 
a  form  related  to  P.  minnesotensis  Sardeson,  P.  recedens  Sardeson,  and  Dalmanetlu 
lestudinaria  meeki  Miller,  D.  emacerata  Hall,  a  form  related  to  D.  porreda  Sardeson 
and  D.  subseguata  var.  gibbosos  of  Billings.  A  tabulation  of  the  occurrences  of  these 
forms,  as  identified  in  the  lake  Champlain  valley,  does  not  indicate  any  rule  of 
variation  of  one  to  another,  but  all  appear  to  be  irregularly  distributed  through 
the  series,  the  variation  being  due  more  to  changes  in  the  character  of  the  deposits 
and  life  conditions  in  particular  beds  than  to  any  progressive  order  of  evolution  to 
established  fixed  types. 

A  short  distance  above  the  top  of  the  Black  River  occurs  a  zone  which  may  be 
traced  the  whole  length  of  the  lake  by  its  abundance  of  Parastrophia  hemiplicata. 
This  fossil  occurs  scatteringly  higher  in  the  series,  but  is  nowhere  else  abundant, 
and  it  appears  in  force  without  precursors  below.    The  younger  specimens  very 

• 

*  F.  W.  Sardeson  :  American  Geologint,  vol.  xix,  1897,  pp.  01-111  and  180-190. 
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often  resemble  those  of  Triplegia  extanSf  a  fossil  which  is  frequent  in  a  corresponti- 
ing  position  above  layers  containing  Parastrophia  hemiplicnta  in  central  New  York.* 
but  which  has  not  been  found  in  the  lake  Champlain  valley.  Associated  in  the 
Parastrophia  hemiplicata  bed  is  what  appears  to  be  an  undescribed  variety  of  iMtl- 
manella,  of  large  size  and  marked  by  very  strong  plications.  Still  another  new  forai 
of  Dalmauella  occurs  higher  in  the  series,  and  also  a  species  which  is  perhaps  identi- 
cal with  DalmaneUa  delicatula  of  Billings. 

Afurchisonia  bellicincta  appears  in  the  tabulation  prevailingly  in  the  lower  Trenton, 
associated  with  Protoitxirthin  rancellatay  lAoKpira  americana^  SitbuliUs  elongatus^  BA- 
^erpphon  capex,  Whitella  ventricosa,  Ctenodonta  lefxiia,  &nd  C.  dubia,  Dinorthis  pedinell'K 
Hormotoma  gracilisj  and  numerous  trilobites,  such  as  Jll&nnus  americanug^  Ceraunu 
plenrexanihemxiiy  Bathyurus  sp. ,  etcetera. 

By  coincidence  two  species  laid  aside  as  new  in  the  preliminary  field  study  very 
shortly  afterward  appeared  in  volume  iii  of  the  Paleontology  of  Minnesota.  These 
are  Pterygoinetopus  ehoraceus  of  Clarke,  described  from  Rawlins  Mills,  New  York, 
and  found  on  lake  Champlain,  at  Larrabee  point  at  about  90  feet  and  on  CVown 
point  at  about  80  feet  above  the  base  of  the  respective  sections.  Another  /*/<t»/- 
gometopuSf  probably  ititermedius,  also  occurs  in  neighboring  layers.  The  other  newly 
recognized  species  is  Schizambon  dodyeiy  which  Winchell  and  Schuchert  describe 
from  the  dark,  compact  limestone  near  the  top  of  the  Trenton,  at  Sandy  Hill,  New 
York,  and  which  occurs,  lower  in  the  series,  at  Larrabee  point. 

The  most  notable  fossil  assemblage  in  the  upper  portion  of  the  section  is  that  of 
Lingula  vanhomi,  and  L.  xqiudis,  Orbiculoidea  lameUosa^  IVemati*  tennincdis^  various 
graptolites  (seldom  well  preserved),  LqHobolm  insigiiis,  CtenodorUa  dubiUf  Conularia 
trentonensiSf  and  Holopea  paludinifiyrmis. 

The  shaly  masses  toward  the  top  of  the  Trenton  abound  in  masses  of  MwUictdi- 
poridx. 

The  most  interesting  fauna  of  all,  however,  is  that  of  the  very  high  Trenton  or 
Utica  of  Cumberland  head,  which  establishes  a  connection  between  the  faunas 
of  New  York  and  Canada.  Here  we  find  associated  Leptobolus  irisigniSf  Lvngida 
icqualis^  L,  curia  and  L.  ricimfonnis  of  the  New  York  Trenton,  with  L.  cob(Mrgenm 
and  L.  progne  (at  Crown  point),  both  being  Canadian  species  of  Billings,  together 
with  a  new  species,  resembling  L.  whitfieJdi  of  Ulrich.  Zygogpira  exigun  and  Z. 
recurtirostris,  IWmatisterminaliSj  Schizocrania  Jilosa,  Rafinenquina  altemtUn,  Ctenoiionln 
gibbosa  and  C.  levakiy  Calymmene  aejiaria,  hoteUis  gigns^  Ceraurua  pletirexanUt^tmu. 
Drinuclnis  conceiUrim^i,  and  Odontopleura  parrula^  all  of  which  are  New  York,  and 
most  of  them  also  Illinois  and  Minnesota  forms,  are  associated  with  Tremaiis  oUa- 
wensia,  lllxnm  americamm^  and  Turrilepis  ranad^tm.%  all  of  Canada,  the  latter  previ- 
ously reported  from  the  lower  Utica  formation,  near  Ottawa,  with  many  of  the  same 
associates.!  The  lower  portion  of  the  series,  which  is  so  largely  developed  on  Cum- 
berland head,  contains  in  all  localities  a  fauna  of  numerous  very  small  individual? 
of  Ceraurus  pleiirexanthemus  and  Triarlhrus  beckiy  the  latter,  on  account  of  their  small 
size,  resembling  T.  jUheri  of  Billings,  but  whicl;  do  not  show  the  series  of  minute 
but  distinct  pits  along  the  front  margin  of  the  cephalon  which  occur  in  that  species. 
Hall  X  notes  Phacops  calUrephalus  and  Cernurus  pleurrxanthemns  in  Wisconsin  occur- 


♦T.  a.  White :  Ann.  Kept.  Director  Now  York  State  Mas.,  18yj),  Appendix  A,  pr.  28. 
t  II.  Woodward  :  Gcol.  Mrtgaaiiie,  pi.  iii,  vol.  vi,  1j*8"J,  pp.  271-275  ;  and  H.  M.  Ami  :  Ibid.,  October, 
1888. 
J, I.  Hall  :  Foster  and  Whitney's  Kept.,  vol.  ii,  1R->1,  p,  212. 
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ring,  as  the  two  trtlobites  mentioned  do  on  lake  Champlain,  in  aesoeiation  with 
crinoidal  columns  of  unusually  large  size,  while  the  trilobites  are  unusually  small. 
He  considers  that  the  admixture  of  arenaceous  matter,  while  it  did  not  interfere 
with  the  production  of  the  species,  has  diminished  their  size. 

Conclusions 

Messrs  Matthew*  and  Ruedemannt  have  traced  the  Utica  as  a  cold  current  from 
Kurope  invading  the  warm  seas  of  the  Trenton,  and  passing  from  the  northeast 
around  the  southern  slopes  of  the  Adirondack  island.  There  seems  to  be  evidence 
I>oiuting  to  the  conclusion  that  the  currents  depositing  limestone  in  the  clear  seas 
of  the  earlier  period  studied  in  this  paper  were  from  southwest  to  northeast,  and 
that  the  currents  gradually  changed  to  a  reverse  direction  over  the  soft  muds  which 
closed  the  period.  Some  of  this  evidence  is  found  in  the  thinning  of  the  Birdseye 
formation  in  the  Champlain  valley ;  in  the  luxuriant  development  of  warm  water 
corals  and  delicate  bryozoa ;  in  the  developmental  forms  of  the  species  common 
to  the  central  New  York  and  Champlaiu  Trenton  on  the  one  hand  and  the  Cham- 
plain  and  Canadian  Trenton  on  the  other. 

The  Black  River  zones  are  well  marked  and  characteristic,  and  differ  consider- 
ably fnmi  those  of  the  western  New  York  sections.  The  group  is  about  75  feet 
thick  in  the  southern  portion  of  the  region. 

The  Trenton  carries  a  very  abundant  fauna,  the  species  not  so  strikingly  limited 
to  zones  as  in  the  adjacent  groups,  but  commingling  New  Y'ork  and  Canadian  types. 
Its  thickness  in  the  region  is  from  150  to  200  feet. 

The  Utica  presents  at  least  475  feet  in  thickness  of  shales,  carrying  a  **  stunted  *' 
fauna  for  the  most  part,  but  a  great  variety  of  linguloid  forms.  No  fossils  char- 
acteristic of  any  higher  formations  are  found  in  the  region. 

The  localities  afford  a  rich  paleontological  field  of  investigation  and  have  fur- 
nished us  to  date  42  species  of  brachiopods,  14  of  lamellibranchs,  23  of  gastropods, 
9  of  cephalopods,  and  16  of  trilobites. 

Remarks  on  the  paper  of  Mr  White  were  made  by  Henry  M.  Seely, 
II.  P.  Gushing,  H.  M.  Ami,  C.  S.  Prosser,  the  chairman,  and  the  author. 

Discussion 

l)r  H.  M.  Ami  pointed  out  the  excellent  detailed  strati  graphical  as  well  as 
paleontological  work  for  the  lake  Champlain  valley.  Many  of  the  faunal  zones 
and  other  peculiarities  in  the  stratigraphical  column,  as  pointed  out  by  Doctor 
White,  were  identical  with  their  Canadian  equivalents.  The  beds  holding  Leperditia 
faltulUes  band,  overlaid  by  the  Columnaria  -  haUi,  and  these  in  turn  capped  by  a 
Maclurea  limestone,  constituting  the  various  members  of  the  Birdseye  and  Black 
River  formations  in  the  Ottawa  Paleozoic  basin,  agree  well,  as  far  as  faunal  succes- 
sion and  relation  and  also  as  regards  their  origin  and  lithological  characters. 

As  regards  the  Trenton  limestone,  while  the  leading  forms  of  fossil  organic  re- 
mains were  identical,  both  in  the  Champlain  valley  and  Ontario,  there  were  a 
nuinl)er  of  interesting  points  of  difference  in  the  vertical  range  and  position  as- 
j^igned  to  certain  species,  as,  for  example,  Tremaiw  oUawaaisUi.     This  species  is  in- 


*G.  F.  Matthew :  Bull.  Nat.  Hist.  Soc.  New  Brunswick,  vol.  xi,  1893,  pp.  a-18. 
t  R.  Ruedemann  :  American  Geologist,  vol.  xiz,  1807,  pp.  367-391. 
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variably  characteristic  of  Lower  Trenton  in  the  Ottawa  valley  near  Ottawa,  and 
Zygospira  recurviroatra  was  found  abundantly  in  the  uppermost  beds  of  this  forma- 
tion. So  also  in  the  case  of  Ceraruus  plurexanthemus,  this  trilobite  occupies  the 
basal  beds  of  the  Utica,  at  Ottawa ;  but  occurs  low  down  in  the  Trenton  of  the 
lake  Champ! ain  district. 

The  lacuna  existin^^  at  the  interval  of  transition  from  the  Trenton  to  the  Utica 
terranes  along  lake  Champlain  is  unfortunate,  as  everywhere  in  the  Ottawa  and 
Saint  Lawrence  valleys,  in  Canada  and  in  Ontario  east  of  Toronto,  these  two  for- 
mations pass  imperceptibly  one  into  the  other.  Along  the  Ridean  river,  at 
Ottawa,  at  Rochesterville,  and  in  numerous  other  localities  in  the  vicinity  of 
Ottawa,  the  pyroschists  of  the  Utica  or  bituminous  shale  follow  directly  upon  the 
Trenton  without  any  discordance  of  stratification  whatever.  Tlie  enormous  tliick- 
ness  assigned  to  the  Utica,  of  upward  of  500  feet,  was  surprising,  for  the  w^hole  of 
the  Utica  formation  at  Ottawa  is  scarcely  more  than  75  feet  in  thickness. 

In  the  absence  of  the  authors,  the  next  two  papers  were  read  by  title. 

8TBA  TIQRAPHY  OP  THE  POTTSVILLB  SERIES  IN  KENTUCKY 

BY   MARIUS   K.    CAMPBELL 

AMERICAN  HOMOTAXIAL  EQUIVALENTS  OF  THE  ORIGINAL  PERMIAN 

BY  CHARLBS  R.    KEYES 

The  following  paper  was  then  read : 

THE  NEWARK  SYSTEM  IN  NEW  YORK  AND  NEW  JERSEY 

BY  HENRY   B.    KCmMEL 

Remarks  were  made  by  the  chairman,  by  N.  S.  Shaler,  I.  C.  Russell, 
J.  E.  Wolff,  A.  Heilprin,  J.  B.  Wood  worth,  and  the  author.  The  paper 
is  published  in  the  Journal  of  Geography,  volume  vii,  1899,  pages  23-52. 

The  two  following  papers  were  read  and,  without  discussion,  close<l 
the  afternoon  session : 

JURASSIC  FORMATIONS  OF  THE  BLACK  HILLS  OF  SOUTH  DAKOTA 

BY  N.  H.  DARTON 

This  paper  is  printed  as  pages  383-396  of  this  volume,  with  description 
and  illustrations  of  the  fossils  by  Dr  Charles  R.  Eastman,  which  also 
appears  as  pages  397-4Q8  under  the  title  "  Jurassic  Fishes  from  Black 
Hills  of  South  Dakota." 

MESOZOIC  STRATIGRAPHY  IN  SOUTHEASTERN  BLACK  HILLS 

BY  N.   H.  DARTON 

.  The  Society  adjourned.  No  evening  session  was  held,  the  Fellows 
being  invited  to  a  reception  tendered  the  several  societies  meeting  at  the 
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same  time  in  the  city  at  the  American  Museum  of  Natural  History,  with 
an  address  by  Professor  H.  F.  Osborn. 


Session  of  Thursday,  December  29 

The  Society  was  called  to  order  at  10  o'clock  a  m,  President  Stevenson 
in  the  chair. 

Dr  J.  C.  Smock  reported  that  the  Auditing  Committee  had  found  the 
accounts  of  the  Treasurer  correct,  and  the  Society  adopted  the  report. 

The  report  of  the  Council  was  taken  from  the  table  and  adopted  with- 
out debate. 

Following  is  the  report  of  the  Photograph  Committee  :  * 

NINTH  ANNUAL  REPORT  OF  COMMITTEE  ON  PHOTOGRAPHS 

The  committee  report  the  addition  of  320  views,  bringing  the  full 
number  in  the  collection  up  to  1,878.    The  donors  are  as  below : 

(1)  Second  Geological  Survey  of  Pennsylvania 144 

(2)  U.  S.  Geological  Survey 106 

(3)  U.  S.  National  Museum  (George  P.  Merrill) I 

(4)  Professor  J.  F.  Kemp  7 

(5)  Geological  Survey  of  Iowa 58 

(6)  Mr  T.  C.  Hopkins 4 

The  144  views  presented  by  the  Second  Geological  Survey  are  prints 
made  from  selected  negatives  of  the  entire  series  presented,  as  noted  in 
the  Eighth  Annual  Report  of  your  committee. 

The  committee  asks  a  continuation  of  the  appropriation  of  the  sum 
of  $15  for  expenses  during  1899. 

Respectfully  submitted.  George  P.  Merrill, 

Chairman. 
Washington,  December^  1898 

RBGISTER  OF  PHOTOGRAPHS  RECEIVED   IN   1898 

One  hundred  and  forty-four  {144)  views  {wUh  negatives)  presented  by  Mr  E.  V,  D^In- 

villiirs  for  the  Second  Geological  Survey  of  Pennsylvania 

Size,  5  by  7  inches.    For  prints,  address  Chairman  Committee  on  Photographs 

1559.  Pseudopecopteris  inacilenUa  (L,  2Li\dL  1^.)  IjTl.  Upper Pottsville  series.  Wash- 
inji^ton  county,  Arkansas.  Lepidocystis  (Polysporia)  salisburyi  Lx.  Potts- 
ville series.     Days  gap,  Alabama. 

*  By  a  TnisunderBtandinK  or  inadvertence  it  was  supposed  that  this  report  had  not  been  receiTed, 
and  consequently  it  was  not  presented  to  tho  meeting.  It  was  prenented  at  the  Washington  meet- 
ing December  28, 1899,  and  adopted,  and  is  here  printed  in  its  proper  place. 
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1560.  t^henopteris  (llymenophyWites)  pendulata  Lx.    MSS.    (Fertile.)     LepidophfA- 

lum  alabamensf  D.  W.    MSS.     Potteville  series.     Cordova,  Alabama. 

1561.  Pseudopecopteris  obtusiloba   (Stb.)   Lx.,   van   diUUcUa  Lx.    MSS.     Kanawha 

series.     West  Virginia. 

1562.  PseudopecopUrris  obtusiloba  (Stb.)  Lx.     Kanawha  series.     West  Virginia. 

1563.  DictyopierU  sub-hi'origiiiartii  Gr.  Ey.    Coal  Measures  (Westphalien).     France. 

1564.  Spirophyton.    A  probable  Pseud  ophyte.     Lower  Carboniferous.    Near  War- 

ren, Pennsylvania. 

1565.  AsteraphyUUes  grcunlis  hx.    Fruiting  spikes.     Pottsville  series.     Dade  county, 

Georgia. 

1566.  .<4r(/irop/(2/cu«/tar^m  (Con r.)  Hall.    Medina  sandstone.    Locality  unknown. 

1567.  Arthrophycus  harlayU  {Conr,)  Hall.     Probably  from  Medina  sandstone.     Lr>' 

cality  unknown. 

1568.  Callipteridium  traq/anum  Lx.     Upper  Pottsville  (Walden  SS).     Tracy  City, 

Tennessee. 

1569.  NenrojUeris  clarksoni  hx.     High  anthracite  coal  ("G").    Olyphant,  Pennsyl- 

vania.    (Photograph  reduced.) 

1570.  Pseudophyte.    Casts  of  trails  of  molluscs.     Formation  and  locality  unknown. 

1571.  PMrppterus  mansjieldi,  Hall.     Figured  in  Second  Geological  Survey  of  Pennsyl- 

vania, page  3,  plate  5,  figure  3.     Specimen  from  judt  below  Darlington 
cannel  coal,  near  Canneitoii,  Darlington  county,  Pennsylvania. 

1572.  Natural  casts  of  Atrypa,  Spinosa,  Spirifer,  Rhynchonella,  Pelicypods,  and 

Tantaculites.     Horizon,  Hamilton.     A  splendid  illustration  of  aaaociated 
Hamilton  species. 

1573.  Natural  sections  of  spire-bearing  Brachiopods ;  also  a  few  Tentaculites  pre- 

served.   Horizon  probably  Lower  Helderberg. 

1574.  Stripping  at  Hollywood  colliery  No.  1,  looking  east.     Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  52. 

1575.  Stripping  at  Hollywood  colliery  No.  1,  looking  east.     Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  51. 

1576.  Stripping  at  Hollywood  colliery  No.  1,  looking  east.     Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  51. 

1577.  Stripping  at  Hollywood  colliery  No.  I,  looking  east.     Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  51. 

1578.  W^orkings  at  Hollywood  colliery,  looking  east.     Report  A.  C,  Second  Geo- 

logical Survey  of  Pennsylvania,  page  plate  No.  12. 

1579.  Workings  at  Hollywood  colliery  No.  1,  looking  south.    Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  63. 

1580.  Pottsville  deep  shaft.     Report  A.  C,  Second  Geological  Survey  of  Pennsyl- 

vania, page  plate  No.  33. 

1581.  Breaker  in  process  of  construction,  Kohinoor  colliery.     Report  A.  C,  Second 

Geological  Survey  of  Pennsylvania,  page  plate  No.  45. 

1582.  Culm  and  rock  heaps  at  Shenandoah.     Report  A.  C,  Second  Geological 

Survey  of  Pennsylvania,  page  plate  No.  49. 

1583.  Kohinoor  Colliery  culm  and  rock  dump.     Report  A.  C,  Second  Geological 

Survey  of  Pennsylvania,  page  plate  No.  50. 

1584.  No.  215.     Anderson*8  tipple,  Venetia,  N.  W. 

1585.  Black  Diamond  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsyl- 

vania, plate  iv. 
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1586.  Gilmore's  Slide  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsyl- 

vania, plate  Hi. 

1587.  Snow  Hill  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsylvania, 

plate  ii. 

1588.  Caledonia  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsylvania, 

plate  i. 

1589.  Cornell  and  Werling  Mine  tipple,  Youghiogheny  river.     Report  K  4,  Second 

Geological  Survey  of  Pennsylvania,  plate  xii. 

1590.  Venetia  Mine  tipple,  Peters  creek.     Report  K  4,  Second  Geological  Survey  of 

Pennsylvania,  plate  xi. 

1591.  Little  Saw-mill  Run  Railroad  Company's  tipple,  South  Pittabui'gh.    Report 

K  4,  Second  Geological  Survey  of  Pennsylvania,  plate  x. 

1592.  Amity  Mine  tipple.    Report  K  4,  Second  Geological  Survey  of  Pennsylvania, 

plate  ix. 

1593.  Horner  and  Roberts*  tipple.    Report  K  4,  Second  Geological  Survey  of  Penn- 

sylvania, plate  viii. 

1594.  Walton's  upper  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsyl- 

vania, plate  vii. 

1595.  New  CoalBluff  tipple.     Report  K  4,  Second  Geological  Survey  of  Pennsyl- 

vania. 

1596.  Relief  map  of  the  rocky  ridge  and  east  broad  top  coal  basins,  in  Huntington 

county,  Pennsylvania.     By  Edward  B.  Harden. 

1597.  Relief  map  of  Bald  Eagle  mountain  and  Nittany  valley.     By  Edward  B. 

Harden. 

1598.  Model  of  the  Cornwall  iron  ore  mines,  looking  north.     Annual  Report  of 

Geological  Survey  of  Pennsylvania,  1885. 

1599.  Compressed  air  locomotive.  Old  Eagle  mine.     Report  K  4,  Second  Geological 

Survey  of  Pennsylvania,  plate  v. 

1600.  Avondale  quarry,  Delaware  county,  Pennsylvania. 

1601.  Deshong's  quarry,  near  Chester,  Pennsylvania. 

1602.  Ward's  quarry,  near  Chester,  Pennsylvania. 

1603.  Ward's  quarry,  near  Chester,  Pennsylvania. 

1604.  Figure  5,  Ohlinger  Dam  quarry,  showing  both  dip  and  cleavage  in  Laurentian 

gneiss,  3  miles  northeast  of  Reading,  Pennsylvania.     Rei>ort  I)  3,  volume 
2,  Second  Geological  Survey  of  Pennsylvania. 

1605.  Leiper  quarry,  Delaware  county,  Pennsylvania. 

1606.  Face  of  Deshong's  quarry,  near  Chester,  Pennsylvania. 

1607.  Leiper  quarry,  Delaware  county,  Pennsylvania. 

1608.  No.  156.    Rocks  exposed  in  railroad  cut,  Schuylkill  Valley  railroad,  one-half 

mile  above  Lafayette  station,  P.  and  R.  railroad. 

1609.  No.  165  (page  116).    Old  Quarry  No.  2,  at  Slatington,  Lehigh  county,  Penn- 

sylvania, looking  west.     Report  D  3,  volume  1,  Second  Geological  Survey 
of  Pennsylvania,  1882,  plate  1. 

1610.  No.  159  (page  117).    American  slate  quarry  No.  1,  Slatington,  Pennsylvania, 

looking  southwest.    Report  D  3,  volume  1,  Second  Geological  Survey  of 
Pennsylvania,  1883,  plate  2. 

1611.  No.  159  (page  117).    American  quarry  No.  2,  at  Slatington,  Lehigh  county, 

Pennsylvania.    Report  D  3,  volume  1 ,  Second  Geological  Survey  of  Penn- 
sylvania, 1883,  plate  3. 

LXVI— Bull.  Gbol.  Boo.  Am.,  Vol.  10,  1898 
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1612.  Trap  on  the  south  side  of  the  Cornwall  h\g  hill,  where  the  spiral  railroad 

enters  the  upper  workings.  Annual  Report  of  Geological  Survey  of  Penn- 
sylvania, 1885. 

1613.  Feldspar  quarry,  Brandy  wine  Summit  kaolin  works,  Delaware  county,  look- 

ing north  20  degrees  east,  plate  xxiii. 

1614.  American  kaolin  works.  New  Garden  township,  Chester  county,  looking 

north  5  degrees  east.  Report  C  5,  Second  Geological  Survey  of  Pennsyl- 
vania, plate  xxvii. 

1615.  Kaolin  mine  at  Hockessin,  Delaware,  looking  north  60  degrees  east.     Report 

C  5,  Second  (geological  Survey  of  Pennsylvania,  plate  xxviii. 

1616.  Figure  7,  Potsdam  sandstone  of  Neversink  hills,  exposed  in  the  railway  cut 

3^  miles  below  Reading,  Berks  county,  Pennsylvania,  looking  north.  Re- 
port D  3,  volume  2,  Second  Geological  Survey  of  Pennsylvania,  plate  3. 

1617.  Figure  6,  Potsdam  sandstone  of  Neversink  hills,  exposed  in  the  railway  cut 

at  the  Ix)ver's  Leap,  3  miles  south  of  Reading,  Berks  county,  Pennsylvania, 
looking  south  45  degrees  east.  Report  D  3,  volume  2,  Second  Geological 
Survey  of  Pennsylvania. 

1618.  Contorted  gneiss.    Sckuy>lkill  river,  }  mile  above  Lafayette  station,  Schuyl. 

kill  Valley  railroad.    No.  158. 

1619.  Duplicate  of  1686. 

1620.  Kettle  holes  in  the  moraine  in  Cherry  valley,  Monroe  county,  Pennsylvania, 

looking  north -northeast.  Report  Z,  Second  Geological  Survey  of  Pennsyl- 
vania, plate  vii. 

1621.  The  terminal  moraine  crossing  Cherry  valley,  Monroe  county,  Pennsylvania, 

looking  southwest.  Report  Z,  Second  Geological  Survey  of  Pennsylvania, 
plate  viii. 

1622.  Long  ridge,  the  terminal  moraine  on  the  Pocono  plateau,  2,000  feet  above  tide. 

Monroe  county,  looking  north -northeast.  Report  Z,  Second  Geological 
Survey  of  Pennsylvania,  plate  ix. 

1623.  Moraine  kettle  and  kames  in  C'herry  valley,  Monroe  county,  Pennsylvania. 

Report  Z,  Second  Geological  Survey  of  Pennsylvania,  plate  x. 

1624.  Kames  in  Cherry  valley,  Monroe  county,  Pennsylvania.     Report  Z,  Second 

Geological  Survey  of  Pennsylvania,  plate  xi. 

1625.  Glacial  scratches  on  Clinton  red  shale  (No.  5),  near  Fox  gap,  Monroe  county, 

Pennsylvania,  plate  xii. 

1626.  Great  glacial  grove  on  table  rock,  at  the  Delaware  water  gap.     Report  Z, 

Second  Geological  Survey  of  Pennsylvania,  plate  xv. 

1627.  The  terminal  moraine  west  of  Coles  creek,  in  Columbia  county.    Report  Z, 

Second  Geological  Survey  of  Pennsylvania,  plate  xviii. 

1628.  Glacial  till  exposed  at  the  Bangor  slate  quarry  at  Bangor,  Northampton 

county.     Report  Z,  Second  Geological  Survey  of  Pennsylvania,  plate  iv. 

1629.  A  glaciated  boulder  at  the  Bangor  slate  quarry  at  Bangor,  in  Northampton 

county,  Pennsylvania.  Report  Z,  Second  Geological  Survey  of  Pennsyl- 
vania, plate  V. 

1630.  Terminal  moraine  near  Saylorsburg,  Monroe  county,  Pennsylvania,  looking 

north-northwest.  Report  Z,  Second  Geological  Survey  of  Pennsylvania, 
plate  vi. 

1631.  Boulder  of  Pottsville  conglomerate  on  the  crest  of  Penobscot  mountain* 

Luzerne  county,  Pennsylvania,  looking  west.  Report  Z,  Second  Geological 
Survey  of  Pennsylvania,  plate  xvi. 
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1632.  The  terminal  moraine  crossing  Fishing  Creek  valley,  Columbia  county,  Penn- 

sylvania, looking  southwest.    Report  Z,  Second  Geological  Survey  of  Penn- 
sylvania, plate  zvii. 

1633.  The  Bryn  Mawr  gravel  at  Crawford's  fireclay,  pit,  Delaware  county,  looking 

north  34  degrees  west.     Report  C  5,  Second  Geological  Survey  of  Pennsyl- 
vania, plate  xxii. 

1634.  Glacial  striae  on  the  southern  slope  of  Godfrey's  ridge,  in  Monroe  county, 

Pennsylvania.     Report  Z,  Second  Geological  Survey  of  Pennsylvania, 
plate  xiii. 

1635.  Front  side  of  terminal  moraine  near  Bangor,  Northampton  county,  looking 

southeast.     Report  Z,  Second  Geological  Survey  of  Pennsylvania,  plate  i. 

1636.  Inside  view  of  terminal  moraine  near*Bangor,  Northampton  county,  looking 

northwest.    Report  Z,  Second  Geological  Survey  of  Pennsylvania,  plate  2. 

1637.  Moraine  hummocks  west  of  Bangor,  Northampton  county,  looking  south- 

west.   Report  Z,  Second  Geological  Survey  of  Pennsylvania,  plate  3. 
1638  to  1643,  inclusive.  Castle  rock,  Edgemont  township,  Delaware  county,  Penn- 
sylvania. 

1644.  Castle  rock,  eastern  end,  Edgemont  township,  looking  north  80  degrees  east. 

Report  C  5,  Second  Geological  Survey  of  Pennsylvania,  plate  xxiii. 

1645.  Castle  rock,  western  end,  Edgemont  township,  looking  north  15  degrees  east. 

Report  C  5,  Second  Geological  Survey  of  Pennsylvania,  plate  xxxii. 

1646.  Castle  rock,  Edgemont  township,  Delaware  county,  Pennsylvania,  looking 

south  55  degrees  east.     Report  C  5,  Second  Geological  Survey  of  Pennsyl- 
vania, plate  XXX. 

1647.  Limestone  quarry,  Port  Kennedy,  Pennsylvania.     Phoenix  Iron  Compan}*. 

1648.  Trap  rocks  at  Gulf  Mills,  Pennsylvania. 

1649.  Lafayette  soapstone  quarry,  Montgomery  county,  Pennsylvania. 

1650.  Lafayette  soapstone  quarry,  Mo'Utgomery  county,  Pennsylvania. 

1651.  Trap  rocks  at  Gulf  Mills,  Pennsylvania. 

1652.  Trap  boulders,  French  Creek  falls,  Pennsylvania. 

1653.  Trap  boulders,  French  Creek  falls,  Pennsylvania. 

1654.  Trap  boulders,  French  Creek  falls,  Pennsylvania. 

1655.  Water  Sheet  narrows,  Huntingdon  county,  Pennsylvania.    Juniata  river. 

1656.  Breaker  at  Holly  wood  colliery,  showing  stripping. 

1657.  Synclinal  in  mammoth  bed,  Hollywood  colliery,  Hazelton,  Pennsylvania. 

Shows  open-work  mining  after  stripping. 

1658.  Synclinal  in  mammoth  bed,  Hollywood  colliery,  Hazelton,  Pennsylvania. 

Shows  open-work  mining  after  stripping. 

1659.  Boring  for  oil.    Sadsbury  township,  Chester  county,  Pennsylvania. 

1660.  Kennedy's  syenite  quarry,  near  Wayne. 

1661.  Gneiss  peak  on  Harvey  Thomas  farm,  L.  Bethel  town8hip,'Delaware  county, 

Pennsylvania. 

1662.  Burned  rocks,  Fayette  city,  Monongahela  river. 

1663.  Rausch's  gravel  quarry,  Bethlehem,  Pennsylvania. 

1664.  Limestone  quarry,  Bethlehem,  Pennsylvania. 

1665.  Old  Wheatley  lead  mine,  near  Phoenixville,  Pennsylvania. 

1666.  Old  Smelting  Works  mine,  near  Phcenixville,  Pennsylvania. 

1667.  Old  Wheatley  lead  mine,  near  Phoenixville.  Pennsylvania. 

1668.  Pottsville  from  Sharp  mountain. 
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1669.  Head  frame,  Kaska  William  colliery,  Schuylkill  county,  PenDsylvania. 

1670.  R.  D.  Lacoe's  museum,  Pittston,  Pennsylvania.     (R.  D.  L.  and  Georige  B. 

Simpson.) 

1671.  Culm  bank,  Turkey  Run  colliery,  Schuylkill  county,  Pennsylvania. 

1672.  Gap  at  Cumberland,  Maryland. 

1673.  Gap  at  Cumberland,  Maryland. 

1674.  Lower  Helderberg  limestone,  near  Mount  Savage  Junction,  Maryland. 

1675.  Lower  Helderberg  limestone,  near  Mount  Savage  Junction,  Maryland. 

1676.  Old  marble  quarry.  Marble  Hall,  Montgomery  county,  Pennsylvania. 

1677.  Cut  on  Philadelphia  and  Reading  railroad,  near  Reading,  Potsdam  quartxite 

(Neversink  mountain). 

1678.  Cut  through  limestone,  Schuylkill  Valley  railroad,  below  Norristown. 

1679.  Cut  through  limestone,  Schuylkill  Valley  railroad,  l)elow'Norri8town. 

1680.  Delaware  water  gap. 

1681.  Avondale  quarry,  Delaware  county,  Pennsylvania. 

1682.  Avondale  quarry,  Delaware  county,  Pennsylvania. 

1683.  Contorted  gneiss,  Spring  Mill,  Montgomery  county. 

1684.  Contorted  gneiss.  Spring  Mill,  Montgomery  county. 

1685.  Anticlinal  on  Schuylkill  river  2  miles  above  Port  Clinton. 

1686.  Cut  on  Schuylkill  Valley  railroad  showing  "  creep." 

1687.  Potts'  limestone  quarry,  below  Norristown. 

1688.  Syenitic  gneiss  near  Spring  Mill. 

1689.  Potts'  limestone  quarry,  looking  south  70  degrees  west. 

1690.  Potts'  limestone  quarry,  looking  south  70  degrees  west. 

1691.  Limestone  in  cuts  on  Schuylkill  Valley  railroad  below  Norristown. 

1692.  Limestone  in  cuts  on  Schuylkill  Valley  railroad  below  Norristown. 

1693.  Limestone  quarry.  Port  Kennedy,  Phoenix  Iron  Company. 

1694.  Old  serpentine  quarry  near  Devon,  Montgomery  county,  Pennsylvania. 

1695.  Quartz  vein  in  cut  at  Lafayette  station,  Montgomery  county,  Pennsylvania. 

1696.  Vein  in  Cornwall  iron  ore  mine. 

1697.  Limestone  in  Schuylkill  Valley  railroad  cut,  near  Mogcetown,  Pennsylvania. 

1698.  Lower  Avondale  quarry,  Nether  Providence  township,  Delaware  county, 

Pennsylvania.     View  taken  looking  south -south  west.     Report  C  5,  plate 
viii,  Geological  Survey  of  Pennsylvania. 

1699.  Contorted  gneiss  of  Wissahiokon  creek«  near  the  Philadelphia  and  Reading 

railroad  bridge.     Report  C  4,  plate  viii,  Geological  Survey  of  Pennsylvan  ia- 

1700.  Creep  strirc  on  roofing  slate,  Bangor,  Northampton  county,  Pennsylvania. 

Report  Z,  plate  61,  Geological  Survey  of  Pennsylvania. 

1701.  Creep  strife  on  roofing  slate,  Bangor,  Northampton  county,  Pennsylvania. 

Report  Z,  plate  61,  Geological  Survey  of  Pennsylvania. 

1702.  Glaciated  boulder  from  moraine,  base  of  Huntingdon  mountain,  near  Jones- 

town, Columbia  county,  Pennsylvania.     Report  Z,  plate  118,  Geological 
Survey  of  Pennsylvania. 

One  hundred  and  six  (106)  views  presented  by  ifie  Uniied  States  Geological  Survey 
Size,  5  by  7  inches.    Thirty-one  photographed  by  C.  D.  AValcott 

1703.  Missouri  River  beds,  above  railroad  bridge,  near  Townsend,  Montana.    (523.) 

C.  D.  W.,  1898. 
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1704.  Hogback,  formed  by  upturned  basal  Cambrian  sandetone  (Flathead),  Indian 

creek,  4  miles  west  of  Townsend,  Montana.     (526.)    C.  D.  W.,  1898, 

1705.  Hogback,  formed  by  upturned  basal  Cambrian  sandstone  (Flathead),  Indian 

creek,  4  miles  west  of  Townsend,  Montana.     (525a.)    C.  D.  W.,  1898. 

1706.  Panoramic  view  of  Paleozoic  rocks  at  mouth  of  Indian  creek,  4  to  6  miles 

west  of  Townsend,  Montana.     (526a.)     C.  D.  W.,  1898. 

1707.  Panoramic  view  of  Paleozoic  rocks  at  mouth  of  Indian  creek,  4  to  6  miles 

west  of  Townsend.  Montena.     (5266.)    C.  D.  W.,  1898. 

1708.  Slaty  shales  in  which  pre-Cambrian  fossils  were  found ;  mouth  of  Deep 

Creek  canyon,  16  miles  east  of  Townsend,  Montana.     (5276.)    C.  D.  W., 
1898. 

1709.  Paleozoic  rocks  near  mouth  of  Avalanche  canyon,  west  foot  of  Big  Belt 

mountains,  Montana,  12  miles  east  of  Canyon  Ferry.     (529.)    C.  D.  W., 
1898. 

1710.  Eroded  Carboniferous  sandstones,  in  cliff  8  miles  south  of  Livingston,  Mon- 

tana, west  side  of  Yellowstone  river.     (534.)    C.  D.  W.,  1898. 

1711.  Eroded  Carboniferous  sandstones,  in  cliff  .8  miles  south  of  Livingston,  Mon- 

tana, west  of  Yellowstone  river.     (534a.)    C.  D.  W.,  1898. 

1712.  Eroded  Carboniferous  sandstones,  in  cliff  8  miles  south  of  Livingston,  Mon- 

tana, west  side  of  Yellowstone  river.     (5346.)    C.  D.  W..  1898. 

1713.  Eroded  Carboniferous  sandstones,  in  cliff  8  miles  south  of  Livingston,  Mon- 

tana, west  side  of  Yellowstone  river.     (534c.)    C.  D.  W.,  1898. 

1714.  Eroded  Carboniferous  sandstones,  in  cliff  8  miles  south  of  Livingston,  Mon- 

tana, west  side  of  Yellowstone  river.     (535c.)    C.  D.  W.,  1898. 

1715.  View  looking  north  from  Point  of  Rocks  down  Yellowstone  valley,  about  34 

miles  south  of  Livingston,  Montana.     (539.)    C.  D.  W.,  1898. 

1716.  View  of  Carboniferous  strata  on  north  side  of  Beaver  creek,  above  Missouri 

river.  Big  Belt  mountains,  Montana.     (537.)     C.  D.  W.,  1898. 

1717.  Waterfall  over  Cambrian  limestones,  Sheep  creek,  tow^ard  summit  of  Teton 

range,  southwest  of  Jackson  lake,  Wyoming.     (541.)    C.  D.  W.,  1898. 

1718.  Big  mud  geyser  shortly  after  eruption,  Yellowstone  National  park.     (545.) 

C.  D.  W.,  1898. 

1719.  Brink  of  Upper  fills  of  the  Yellowstone,  Yellowstone  National  park.     (547. ) 

C.  D.  W.,  1898. 

1720.  Mouth  of  Fountain  geyser  shortly  before  eruption,  Yellowstone  National 

park.     C.  D.  W.,  1898. 

1721.  Siliceous  deposits  in  the  basin  of  the  Great  Fountain  geyser,  Yellowstone 

National  park.     (549.)    C.  D.  W.,  1898. 

1722.  Terrace  pools  on  lower  slopes  of  Angel  terrace,  Yellowstone  National  park. 

(550.)    C.  D.  W.,  1808. 

1723.  Calcareous  points  covering  bottom  of  pool,  Angel  terrace,   Mammoth  hot 

springs,  Yellowstone  National  park.     (552.)    C.  D.  W.,  1898. 

1724.  Calcareous  deposits  in  pool,  summit  of  Angel  terrace.  Mammoth  hot  springs, 

Yellowstone. National  park.     (553.)    C.  D.  W.,  1898. 

1725.  Calcareous  (mushroom-like)  concretionary  deposits,  Angel  termce.  Mammoth 

hot  springs,  Yellowstone  National  park.     (554.)     C.  D.  W.,  1898. 

1726.  Calcareous  (mushroom-like)  concretionary  deposits.  Angel  terrace,  Mammoth 

hot  springs,  Yellowstone  National  park.     (554a.)    C.  D.  W.,  1898. 
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1727.  Calcareous  algfe  in  outlet  of  pools,  suminit  of  Angel  terrace,  Mauinioth  hot 

springs,  Yellowstone  National  i>ark.     (555.)    C.  D.  W.,  1898. 

1728.  ''* Ox-bow"  bend,  Trout  creek,  Hayden  valley,  Yellowstone  National  park. 

(556.)    C.  D.  W.,  1898. 

1729.  North  end  of  Teton  range,  northwest  of  Jackson  lake,  AVyoming.     (557.) 

C.  D.  W.,  1898. 

1730.  View  of  the  Teton  range  from  the  east  shore  of  Jackson  lake,  Wyoming. 

(558a.)     C.  D.  W.,  1898. 

1731.  Basal  Cambrian  sandstones  of  section  at  mouth  of  Two-mile  canyon,  2  miles 

south  of  Malad  City,  Idaho.    (562a. )    C.  D.  W.,  1898. 

1732.  Summit  of  ridge.    View  from  the  north,  about  3  miles  south  of  Malad  City, 

Idaho.     (563.)    C.  D.  VV..  1898. 
1723.  Boulders  in  Firehole  river,  Yellowstone  National  park.     (565a.)    C.  D.  W., 
1898. 

/     Size,  6  by  7i  inches.     Nine  photographed  by  H.  W.  Turner 

1734.  Crescent  lake,  in  the  Yosemite  National  park.    The  morainal  dam  which  has 

formed  the  lake  is  shown,  the  outlet  being  in  the  middle,  where  the  drift- 
wood has  accumulated.     H.  W.  T. 

1735.  View  from  near  Sentinel  Dome,  in  the  Yosemite  National  park,  showing  the 

canyon  of  Tenaya  creek  and  the  roohes-moutonnees-like  surface  of  the 
plateau  north  of  Yosemite  valley.     H.  W.  T. 

1736.  Rock  basin  in  biotite-granite.     Ridge  south  of  Morrison  creek,  in  the  Yo- 

semite National  park.  The  diameter  of  the  basin  is  about  1  meter  and 
its  depth  about  15  centimeters.  These  little  basins  are  formed  by  atnios;- 
pheric  agency  without  aid  of  running  water.     H.  W.  T. 

1737.  Showing  the  weathering  of  biotite-granite  on  ridge  south  of  Morrison  creek, 

a  branch  of  the  Tuolumne  river,  in  the  Yosemite  National  park.  On  the 
boulder  to  the  left  may  be  seen  several  little  rock  basins  which  by  growth 
have  coalesced.     H.  W.  T. 

1738.  Exfoliating  granite  east  of  Royal  Arch  lake,  wiiich  drains  into  the  South 

Merced  river,  in  the  Yosemite  National  i)ark.     H.  W.  T. 

1739.  Exfoliating  granite  on  slope  northwest  of  Grouse  lake,  in  the  Yosemite  Na- 

tional park.  The  different  steps  formed  by  the  layers  are  all  glaciato<I, 
showing  that  the  exfoliation  took  place  before  the  final  retreat  of  the  ice. 
H.  W.  T. 

1740.  Exfoliating  granite  on  slope  northwest  of  Grouse  lake,  in  the  Yosemite  Na- 

tional park.  The  large  boulders  in  the  foreground  are  polished  on  their 
upper  surface  and  have  been  fractured  and  moved  by  frost  and  heat  into 
their  present  position  since  the  retreat  of  the  ice.     H.  W.  T. 

1741.  Boulder  of  an  igneous  pudding-stone  on  ridge  north  of  Yosemite  valley.     It 

is  comix)8ed  of  nodules  of  diorite  cemented  by  biotite-granite.  The  meas- 
ure is  25  centimeters  long.     H.  \V.  T. 

1742.  Granite  striated  and  |)olished  by  the  ice,  near  Johnson  lake,  in  the  Yoeemite 

National  ^mrk.     H.  W.  T. 
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Size,  4J  by  6i  inches.    Thirty-seven  photographed  by  G.  K.  Gilbert 

1743.  Shore  of  lake  Ontario,  Niagara  county,  New  York.     Illustrates  mode  of 

origin  of  beach  shingle  by  showing  rock  in  place  and  angular  rocks  re- 
cently detuched.     Gilbert,  1898.      > 

1744.  Beach  of  flat  shingle.    Shore  of  lake  Ontario  at  Golden  Hill  creek,  New 

York.    Gilbert.  1898. 

1745.  Beach  of  well  rounded  shingle.    Shore  of  lake  Ontario  at  Golden  Hill  creek, 

New  York.     Gilbert,  1898. 

1746.  Cemented  shingle  in  spit  of  glacial  lake  Iroquois  at  Lewiston,  New  York. 

Gilbert,  1898. 

1747.  Section  of  spit  of  glacial  lake  Iroquois  at  Lewiston,  New  York.    The  dip  is 

landward,  indicating  growth  on  the  inside  of  the  spit.     Gilbert,  1898. 

1748.  Section  of  spit  of  glacial  lake  Iroquois  at  Lewiston,  New  York.    The  dip  is 

landward,  indicating  growth  on  the  inside  of  the  spit.     Gilbert,  1898. 

1749.  Cut  terrace  of  the  Iroquois  shore  line,  2  miles  west  of  Dickersonville,  New 

York.  Lacustrine  plain,  bed  of  lake  Iroquois,  near  Jeddo,  New  York. 
The  water  edge  was  at  base  of  clifi*.  The  cliff  is  carved  from  Medina  shale. 
Gilbert,  1898. 

1750.  Till  plain,  }  mile  south  of  Jeddo,  Niagara  county.  New  York.     Gilbert, 

1898. 

1751.  Cross-bedding  and  unconformity  in  sand  kame,  3  miles  east  of  Lockport, 

New  York.     Gilbert,  1898. 

1752.  Till.    Shore  of  lake  Ontario,  Wilson,  New  York.    Gilbert,  1898. 

1753.  Deposit  by  torrent  of  Erian  water  on  the  withdrawal  of  the  ice-sheet  from  the 

escarpment  at  Lewiston,  New  York.  Unassorted  and  unworn  alluvium. 
Gilbert.  1898. 

1754.  Section  of  talus,  Niagara  gorge.    Gilbert,  1898. 

1755.  Angular  gravel  in  kame,  south  of  Royalton,  Niagara  county.  New  York. 

Gilbert,  1898. 

1756.  Solitary  gravel  kame,  3  miles  south  of  Middleport,  New  York.    Gilbert, 

1898. 

1757.  Escarpment  of  the  Niagara  limestone,  looking  west  from  a  point  on  the  talus 

near  Lewiston,  New  York.     Gilbert,  1898. 

1758.  Niagara  escarpment  capped  by  Niagara  limestone,  looking  east  from  a  point 

5  miles  west  of  Lockport,  New  York.     GiUnjrt,  1898. 

1759.  Niagara  escarpment  without  capping  of  Niagara  limestone;  looking  west 

from  a  point  near  Middleport,  New  York,     (tilbert,  1898. 

1760.  Drowned  valley  of  Twelve-mile  creek,  near  Wilson,  Niagara  county.  New 

York.     Water  lilies  grow  on  submerged  alluvial  plain.     Gilbert,  1898. 

1761.  Head  of  estuary  of  Twelve-mile  creek,  Niagara  county,  New  York.    Sub- 

merged alluvial  plain  sup|)ort8  rushes.    Gilbert,  1898. 

1762.  Estuary  of  Eighteen-mile  creek,  near  Olcott,  Niagara  county.  New  York. 

Channel  deep,  current  slow.  Submerged  alluvial  plain  supports  rushes. 
Gilbert,  1898. 

1763.  Valley  of  Eighteen-mile  creek,  Niagara  county.  New  York,  above  head  of 

estuary.  Channel  shallow,  current  rapid ;  alluvial  plain  dry  except  during 
flood.    Gilbert,  1898. 
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1764.  Post-glacial  anticline,  Hopkins  creek,  Niagara  county,  New  York.     The  dip- 

placement  of  the  rocks  is  accompanied  by  a  superficial  ridge  travereing  an 
alluvial  terrace.     Gilbert,  1898. 

1765.  Section  of  Nia^^^ra  limestone,  Cook*s  quarry,  near  La  Salle,  Niagara  county, 

New  York.  Shows  structure  described  by  James  Hall,  Geology  of  Fourth 
District  of  New  York,  pages  93  and  94.     Gilbert,  1898. 

1766.  Section  in  cut  of  Erie  railway,  Niagara  falls,  New  York.    Shows  stnictare 

described  by  James  Hall,  Geology  of  Fourth  District  of  New  York,  payees 
93  and  94.     Gilbert,  1898. 

1767.  Weathering  of  Niagara  limestone  by  solution.     A  joint  face  exposed  in  quar- 

rying southwest  of  Middleport,  New  York.     Gilbert,  1898. 

1768.  Weathering  of  Niagara  limestone  by  solution ;  old  quarry  southwest  of  Mid- 

dleport,  New  York.    Gilbert,  1898. 

1769.  Unconformity  by  erosion.    Sandstones  and  shales  of  the  Medina  formation, 

Niagara  gorge.    Gilbert,  1898. 

1770.  Isolated  limestone  mass  at  base  of  Niagara  shale,  containing  '*  transition 

fauna  "  of  Ringueberg.     Gilbert,  1898. 

1771.  Section  of  ripple-mark  on  Medina  sandstone,  Lockport,  New  York.    From 

crest  to  crest,  23  feet;  depth  of  trough,  29  inches.     Gilbert,  1898. 

1772.  Flagstone  in  court-house  yard,  Elyria,  Ohio.   Shows  reticulated  ripple-marks. 

Gilbert,  1898. 

1773.  Trough  of  large  ripple-mark  in  Medina  sandstone,  Niagara  gorge,  New  York. 

Gilbert,  1898. 

1774.  Crest  of  large  ripple-mark  in  Medina  sandstone.    Quarry  near  Lewiston, 

New  York.     Gilbert,  1898. 

1775.  Crest  of  large  ripple-mark  in  Medina  sandstone.    Quarry  in  Lockport,  New 

York.     Gilbert.  1898. 

1776.  Diverse  cross-bedding  associated  with  large  ripple-marks  in  Medina  sand- 

stone.    Quarry  near  Lewiston,  New  York.    Gilbert,  1898. 

1777.  Quarry  face  in  Medina  sandstone.     Lockport,  New  York.     Gilbert,  1898. 

1778.  Quarry  face  in  Niagara  limestone.     Lockport,  New  York.     The  joint  &ce 

shows  weather  fracture.    Gilbert,  1898. 

1779.  Shore  of  lake  Ontario  at  Wilson,  New  York.    Train  of  shore  drift  from 

right,  being  arrested  by  bew-pin,  begins  to  accumulate  and  partly  protects 
bluff  from  wave  attack.  Dearth  of  shore  drift  under  lee  of  pier  fiftvors 
wave  attack ;  bluff  eaten  back  45  feet.  Bluff  contains  two  tills  and  cover 
of  laminated  clay,  a  deposit  from  lake  Iroquois.  Boulder  pavement  at 
top  of  lower  till,  indicated  by  arrow.    Gilbert,  1898. 

Size,  6  by  7i  inches.    Twenty-nine  photographed  by  N.  H.  Darton,  1898 

1780  (424).  Triassic  conglomerate-sandstone.  Garden  of  the  Gods,  Colorado.     By 

N.  H.  Darton,  1898. 

1781  (429).  Pikes  peak  through  the  gateway  of  the  Garden  of  the  Gods,  showing 

Jura-Trias  beds.     By  N.  H.  Darton,  1898. 

1782  (430).  Cathedral  spires.  Garden  of  the  Gods,  Colorado.    By  N.  H.  Darton, 

1898. 

1783  (434).  Titanotherium  sands  east  of  Adelia,  Sioux  couiity,  South  Dakota.     By 

N.  H.  Darton,  1898. 
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1784  (443).  "Toadstool  park,"  Bad  lands  near  Adelia,  Sioux  county,  South  Da- 

kota.    By  N.  H.  Darton,  1898. 

1785  (444).  **  Toadstool  park,"  Bad  lands  near  Adelia  station,  Sioux  county, 

Nebraska.     By  N.  H.  Darton,  1898. 

1786  (445).  Looking  down  North  Platte  river  at  the  Wyoming-Nebraska  line.    By 

N.  H.  Darton,  1898. 

1787  (465).  Granite    needles  near  Harney  peak,  Black  hills,  South  Dakota.    By 

N.  H.  Darton,  1898. 

1788  (468).  Granite  needles  near  Harney  peak,  Black  hills,  South  Dakota  (south- 

ern group).    By  N.  H.  Darton,  1898. 

1789  (472).  Cone-in-cone  concretion  in  Pierre  shale,  southeast  of  Hot  Springs, 

South  Dakota.    By  N.  H.  Darton,  1898. 

1790  (473).  Gypsum  in  red  beds.  Hot  Springs,  Black  hills.  South  Dakota.     By 

N.  H.  Darton,  1898. 

1791  (474).  Jurassic  sandstone  on  supposed  Triassic  red  beds,  7  miles  south  of  Hot 

Springs,  Black  hills.  South  Dakota.    By  N.  H.  Daiton,  1898. 

1792  (479).  Faulted  Middle  Jurassic  sandstone  near  Buffalo  gap.  Black  hills.  South 

Dakota.    By  N.  H.  Darton,  1898. 

1793  (519).  Protoceras  sandstone  area.  Big  Bad  lands.  South  Dakota.     By  N.  H. 

Darton,  1898. 

1794  (520).  Protoceras  sandstone  area,  Big  Bad  lands.  South  Dakota.     By  N.  H. 

Darton,  1898. 

1795  (522).  Protoceras  sandstone  area.  Big  Bad  lands,  South  Dakota.     By  N.  H. 

Darton,  1898. 

1796  (523).  Protoceras  sandstone  area.  Big  Bad  lands,  South  Dakota.     By  N.  H. 

Darton,  1898. 

1797  (524).  Protoceras  sandstone  area,  Big  Bad  lands.  South  Dakota. '  By  N.  H. 

Darton,  1898. 

1798  (526).  Natural  bridge,  Protoceras  sandstone  area.  Big  Bad  lands.  South  Da- 

kota.   By  N.  H.  Darton,  1898. 

1799  (531).  Protoceras  sandstone  area.  Big  Bad  lands.  South  Dakota.     By  N.  H. 

Darton,  1898. 

1800  (480).  Natural  bridge  in  middle  Jurassic  sandstone  near  Buffalo  gap.  Black 

hills,  South  Dakota.     By  N.  H.  Darton,  1898. 

1801  (506).  Big  Bad  lands  of  South  Dakota,  in  the  vicinity  of  the  Flour  trail,  look- 

ing north.     By  N.  H.  Darton,  1898. 

1802  (507).  Looking  west  over  portion  of  Big  Bad  lands  of  South  Dakota  near 

Flour  trail.     By  N.  H.  Darton,  1898. 

1803  (509).  Looking  west  over  portion  of  Big  Bad  lands  of  South  Dakota  from  near 

the  Flour  trail.  'By  N.  H.  Darton,  1898. 

1804  (510).  Looking  southwest  over  a  portion  of  Big  Bad  lands  of  South  Dakota 

near  Flour  trail.    By  N.  H.  Darton,  1898. 

1805  (515).  Sandstone  lenses  near  Flour  trail.  Big  Bad  lands,  South  Dakota.     By 

N.  H.  Darton,  1898. 

1806  (517).  Columns  of  clay  capped  by  sandstone  near  Flour  trail,  Big  Bad  lands, 

South  Dakota.    By  N.  H.  Darton,  1898. 

1807  (532).  Looking  down  head  of  South  fork  of  Coral  draw,  Big  Bad  lands,  South 

Dakota.    By  N.  H.  Darton,  1898. 

1808  (536).  Big  Bad  lands  of  South  Dakota  in  the  vicinity  of  the  Flour  trail,  look- 

ing  west.    By  N.  H.  Darton,  1898. 
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One  (1)  view  presented  by  the  United  Statet  National  3£tiseum  (George  P.  Merrill) 

Size,  6  by  8}  inches 

1809.  Polished  slab  of  Orbicular  granite  in  the  collection  of  the  United  States  Na- 
tional Museum.  From  Slattemdsse,  Smaland,  Sweden.  Dimensions, 
22  by  30  inches. 

Seven  (7)  views  preurUed  by  J.  F.  Kemp 
Size,  5  by  7  inches 

1810  (1).  Arch  of  Upper  Silurian  quartzite  forming  the"  Rainbow,"  at  Iron  gpate, 

near  Clifton  forge,  Virginia.  The  arch  is  exposed  in  the  valley  of  the 
James  river.  Another  stratum  of  quartzite  forms  a  parallel  arch  higher 
up,  which  does  not  appear,  from  lack  of  distance  in  taking  the  view. 
J.  F.  K.,  1898. 

1811  (2).  Overthrown  fold  of  Upper  Silurian  quartzite  in  Eagle  mountain,  in  the 

valley  of  the  James  river,  Virginia.    J.  F.  K.,  1898. 

1812  (3).  One  limb  of  fold  of  Upper  Silurian  quartzite  forming  Rathole  mountain, 

just  across  the  James  river  from  number  2.    J.  F.  K.,  1898. 

1813  (4).  Iron  ore  mine  based  on  the  '*  gossan ''  of  a  py rrhotite  vein,  Isabella  mine, 

Ducktown,  Tennessee.    J.  F.  K.,  1898. 

1814  (5).  The  Mary  copper  mine,  based  on  a  great  vein  of  copper-bearing  pyrrho- 

tite,  at  Ducktown,  Tennessee.  The  vein  outcrops  in  a  marked  pene. 
plain  of  mica  schists,  which  is  surrounded  by  a  rim  of  high  hills. 
J.  F.  K.,  1898. 
1816  (6).  Rocking  stone  in  Bronx  park.  New  York  city.  By  timing  the  effort  to 
the  period  of  the  stone  a  man  can  make  the  top  of  the  stone  describe 
an  arc  of  about  3  inches.    J.  F.  K.,  1898. 

1816  (7).  Glacial  furrows,  Bronx  park,  New  York  city.     The  furrows  are  not  far 

from  the  rocking  stone,  but  they  have  no  connection  with  it.  They 
strike  in  a  northwesterly  direction  across  the  foliation  of  the  gneisses. 
J.  F.  K.,  1898. 

Fifty-eiglU  (68)  views  presented  by  Oeological  Survey  of  Iowa 

Size,  4}  by  7}  inches 

1817  (1).  Southof  Cedar  river,  Linn  county,  Iowa.    Ultimate  ramification  of  den- 

dritic drainage  on  loess  mantle  of  Kansan  drift  sheet.    Cedar  Rapids 
sheet,  topographical  atlas.  United  States  Geological  Survey. 

1818  (2).  Topography  of  Kansan  drift  sheet,  showing  slopes  of  larger  ravines. 

South  of  Cedar  river,  Linn  county,  Iowa.    Cedar  Rapids  sheet,  topo- 
graphical atlas.  United  States  Geological  Survey. 

1819  (3).  Toi>ography  of  Kansan  drift  sheet  loess- mantled  spatulate  gullies.   South 

of  London,  Cedar  county,  Iowa. 

1820  (4).  On  Walnut  creek,  vScott  county,  Iowa.    In  Kansan  drift  sheet  with  loess 

mantle.     Iowa  Geological  Survey,  volume  ix. 
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1821     (5).  Kansau-loess  topography,  showing  even  sky  line  and  spatulate  valleys. 

Dixon,  Scott  county,  Iowa.    On  farm  of  Ketelson.    Iowa  Geological 

Survey,  volume  ix. 
1832    (6).  Steflfen's  quarry,  Cleona  township,  Scott  county,  Iowa.    Pitted  rock 

surface  beneath  Kansan  drift.    False  bedding  of  Leclaire  limestone. 

Iowa  Geological  Survey,  volume  ix. 

1823  (7).  Iliinoian  topography.     North  of  Buffalo,  Scott  county,  Iowa.    Showing 

tabular  divides  on  initial  drift  plain  and  miners  sinking  shaft  for  coal. 
Iowa  Geological  Survey,  volume  ix. 

1824  (8).  Topography  of  lowan  drift  sheet.    Drift  plain  with  boulder  and  paha 

hills,  near  Lowden,  Cedar  county,  Iowa. 

1825  (9).  From  chapel  tower  of  Cornell  College,  looking  north-northeast.    lowan 

drift  plain  with  paha  ridges  in  distance.  Mechanicsville  sheet,  topo- 
graphical atlas.  United  States  Geological  Survey. 

1826  (10).  Paha  north  of  Aliens  Grove,  Scott  county,  Iowa,  looking  north.     Dav- 

enport sheet,  topographical  atlas.  United  States  Geological  Survey ; 
Iowa  Geological  Survey,  volume  ix. 

1827  (11).  The  Stan  wood  paha,  showing  marshy   ground   which  surrounds  it. 

Eleventh  Annual  Report,  United  States  Geological  Survey,  page  404 ; 
Tipton  sheet,  topographical  atlas,  United  States  Geological  Survey. 

1828  ( 1  la).  Stan  wood  paha,  looking  north.    Eleventh  Annual  Report,  United  States 

Geological  Survey,  page  404 ;  Tipton  sheet,  topographical  atlas,  United 
States  Geological  Survey. 

1829  (12).  Mount  Vernon  paha  from  south.    Iowa  Geological  Survey,  volume  iv, 

pages  181-184. 

1830  (13).  Paha  between  Mount  Vernon  and  Lisbon,  Iowa. 

1831  (14).  Gallegher  paha,  northeast  of  Long  Grove,  lowan  frontier,  Scott  county. 

Hummocks  of  loess  and  sand,  with  pahoid  orientation.  Iowa  Geo- 
logical Survey,  volume  ix ;  Davenport  sheet,  topographical  atlas, 
United  States  Geological  Survey. 

1832  (15).  Sandhills,  lowan  frontier, 'northwest  of  Princeton,  Scott  county,  Iowa. 

Iowa  Geological  Survey,  volume  ix. 

18.33  (16).  Pond  among  sandhills  of  lowan  frontier,  Princeton  township,  Scott 

county.     Iowa  Geological  Survey,  volume  ix. 

15.34  (17).  Erosion  gullies  in  loess  mantle  on  Iliinoian  drift  sheet,  Princeton  town- 

ship, Scott  county.    Iowa  Geological  Survey,  volume  ix. 

1835  (18).  Vertical  cleavage  of  loess,  Bielers  quarry,  Cedar  valley,  Iowa. 

1836  (19).  Swallows'  nests  in  loess,  Clinton,  Iowa. 

1837  (20).  Lingulate  lobes  of  heavy  loess  near  lowan  frontier,  northwest  of  Prince- 

ton, Scott  county,  Iowa.    Iowa  Geological  Survey,  volume  ix. 

1838  (21).  Gorge  of  Wapsipinicon,  northeast  of  Dixon,  Scott  county,  Iowa.     Iowa 

Geological  Survey,  volume  ix. 

1839  (22).  Goi^  of  Wapsipinicon,  southeast  of  Big  Rock,  Scott  county.     Iowa 

Geological  Survey,  volume  ix. 

1840  (23).  View  across  wide  flooilplain  of  Wapsipinicon  valley  below  gorge  shown 

in  No.  — ,  looking  north.  Leclaire  atlas  sheet.  United  States  Geo- 
logical Survey.  Geology  of  Scott  county,  volume  ix,  Iowa  Geological 
Survey. 
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1841  (24).  Wide  flood  plain  of  AVapeipinicon  river,  Scott  county,  Iowa;  seen  froni 

roadway  cut  in  loess-mantled  hills  of  lowan  frontier.  Leclaire 
sheet,  topographical  atlas,  United  States  Greological  Survey  ;  Iowa 
Geological  Survey,  volume  ix. 

1842  (25).  View  down  Cedar  river  from  below  Cedar  springs  (Palisades).     At  head 

of  gorge  of  Cedar  river,  cut  in  Leclaire  limestone,  near  Mount  Vernon, 
Iowa. 

1843  (26).  Broad  valley  of  Cedar  river  below  gorge  south  of  Mount  Vernon,  Iowa. 

Mechanicsville  sheet,  topographical  atlas.  United  States  Geological 
Survey. 

1844  (27).  Gorge  in  Cedar  river.  Cedar  bluff,  Iowa.    The  rock  hill  at  left  parted 

from  the  rocky  ridge  at  right  by  present  channel  of  river  rises  from  an 
ancient  and  wide  floodplain  so  low  that  loess  have  been  built  to  protect 
it  from  floods.  Mechanicsville  sheet,  topographical  atlas,Untted  States 
Geological  Survey. 

1845  (28).  Valley  of  Mud  creek  near  mouth,  Scott  county,  Iowa.     Channel  of 

**  AVilton  river,"  an  ancient  waterway  probably  occupied  by  the  Mis- 
sissippi during  Illinoian  invasion.  Iowa  Geological  Survey, volume  ix ; 
Durant  sheet,  topographical  atlas,  United  States  Geological  Survey. 

1846  (29).  Channel  of  **  Wilton  river,"  an  ancient  waterway  to  which  the  Missis- 

sippi is  supposed  to  have  been  deflected  during  the  Illinoian  inTaaion. 
Now  occupied  in  Scott  county  by  Mud  creek  and  Elk  horn  creek. 
View  at  divide  between  the  creeks  which  is  constituted  at  marshy 
ground  with  a  few  small  ponds  lying  but  slightly  above  general  level 
of  channel.  Iowa  Geological  Survey,  volume  ix  ;  Durant  sheet,  topo- 
graphical atlas.  United  States  Geological  Survey. 

1847  (30).  Contact  of  Niagara   limestone  (Silurian)  and  Hudson  River  shales 

(Ordovician).     Above  Lyons,  Iowa. 

1848  (31).  Contact  of  Niagara  limestone  and   Maquoketa  shales  (Silurian  and 

Ordovician).    Lyons,  Iowa.    Showing  parallelism  of  the  Silurian  and 
Ordovician  strata  and  the  spheroidal  weathering  of  the  latter. 
1849(32).  Chert  layers  in  Delaware  beds.     Niagaralimestone,  Lyons,  Iowa.    Banks 
of  Mississippi  river. 

1850  (33).  " Massif,"OOfiHit hij;h, of UHjlairelimestone(VioIatype). Niagara.    Ce*lar 

river  near  Mount  Vernon,  Iowa.  Iowa  Geological  Survey,  volume  4, 
pages  129,  130. 

1851  (34).  **  Massif"  of  licclaire  limestone  (Viola  type).     Palisades  below  Miuotst 

Cedar  river.  Mount  Vernon,  Iowa. 

1852  (35).  "  Massif"  of  Le  Claire  (Viola)  limestone  quarried  for  lime.     Schmidt's 

quarry.  South  west  of  Di  xon,  Scott  county,  Iowa.  Reference,  Geology 
of  Scott  county,  Geological  Survey,  volume  ix.  Obscure  fiilse  bedding 
appears  on  right  of  mound. 

1853  (36).  Dips  of  Leclaire  (Viola  type),  Upper  Palisades,  Cedar  river,  near  Mount 

Vernon,  Iowa.    Supposed  examples  of  false  bedding. 

1854  (37).  "Massif*  of  Leclaire  limestone  (Viola  type)  on  left,  into  which  run 

planes  of  false  bedding  from  right.  Cedar  Valley  lime  quarries,  Cedar 
county,  Iowa. 

1855  (38).  Unstratified  mound  in  Leclaire  limestone  (Anamosa  type),  near  Lowden, 

Iowa. 
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1856  (39).  Leclaire  limestone  near  Massillon,  lowfL    lUastrating  the  breaking 

down  of  cliffs  along  joint  planes. 

1857  (40).  Ferruginous  stains.     Slab  of  Anamosa  limestone,  Leclaire  stage   of 

Niagara,  from  Mount  Vernon  quarry,  Iowa. 

1858  (41).  Bieler's  quarry,  Cedar  Valley,  Iowa,  showing  horizontal  and  even  bed- 

ding of  Anamosa  stone.    Leclaire  stage  of  the  Niagara. 

1859  (42).  Cliff  at  Kenwood,  Iowa.    The  lower  8  of  feet  Otis  limestone,  the  basal 

member  of  the  Devonian  series  in  loMra.  Above  the  Otis  is  seen  the 
Independence  shale  with  associated  limestones.  Iowa  Geological  Sur- 
vey, volume  iv,  pages  142,  143. 

1860  (43).  Kenwood  bluff  on  Indian  creek,  Kenwood,  Iowa.    Fayette  breccia  at 

highest  point.  Otis  limestone.  Iowa  Geological  Survey,  volume  iv, 
pages  142,  143. 

1861  (44).  Independence  shale.    Linn,  Linn  county,  Iowa.    The  light-colored  clay 

shown  in  this  landslip  ia  the  only  known  fossiliferous  outcrop  of  these 
shales.    Fayette  breccia  on  either  side. 

1862  (45).  The  Lower  Davenport  beds.    Devonian.    Mouth  of  Duck  creek,  Scott 

county,  Iowa.  Reference,  Geology  of  Scott  county,  Iowa  Geological 
Survey,  volume  ix. 

1863  (46).  Brecciated  beds  of  Lower  Davenport  limestone.  Rock  Island,  northwest 

shore,  Illinois.     A  flexed  and  broken  fragment. 

1864  (47).  Breccia  in  [x)wer  Davenport  beds.  Rock  Island,  Illinois. 

1865  (48).  Breccia  in  Lower  Davenport  beds.  Rock  Island,  Illinois.    Initial  flex- 

ures. 

1866  (49).  Breccia,   Linn,   Linn  county,  Iowa.    General  view.    This  brecciated 

horizon,  known  as  'Hhe  Fayette  breccias,"  involves  the  following 
members  of  the  Devonian  series :  Cedar  Valley  stage,  Spirifer  pen- 
nalus  beds ;  Wapsipinicon  stage.  Upper  Devonian  beds,  Lower  Daven- 
port beds;  Independence  shales.  Iowa  Geological  Survey,  volume 
iv,  pages  157-166. 

1867  (50).  Breccia,  Linn,  Linn  county,  Iowa.     Lowest  phase,  natural  size.     Iowa 

Geological  Survey,  volume  iv,  pages  157-166. 

1868  (51).  Breccia,  Linn,  Linn  county,  Iowa.    Second  phase.    Chiefly  fragments 

of  Lower  Daveni)ort  limestone.  Iowa  Geological  Survey,  volume  iv, 
pages  157-166. 

1869  (52).  Breccia,  Linn,  Linn  county,  Iowa.    Close  view.    Complex  brecciation 

in  large  fragments.    Iowa  Geological  Survey, volume  iv,  pages  157-166. 

1870  (53).  Breccia,  Linn,  Linn  county,  Iowa.     Illustrating  differential  weathering 

of  breccia,  largely  made  up  of  Independence  shales  (buff,  Kenwood 
phase),  forming  abundant  talus  and  breccia  formed  of  numerous 
fragments  of  Lower  Davenport  limestone,  with  sparse  matrix.  Iowa 
Geological  Survey,  volume  iv,  pages  157-166. 

1871  (54).  Breccia,  Linn,  south  end  of  cut.    Showing  tilting. 

1872  (55).  Breccia,  Linn,  Iowa.    Showing  large  blocks  of  Upper  Davenport  lime- 

stone retaining  approximately  their  plane  of  deposition.  The  sides 
of  these  tilted  blocks  are  usually  affected  with  slickensides. 

1873  (56).  Breccia,  Linn,  Linn  county,  Iowa.    Close  view.    Iowa  Geological  Survey 

volume  iv,  pages  157-166. 
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1874  (57).  Coal  Measures  shales  in  Lower  Davenport  limestone,  Davenport,  Iowa. 

Roof  of  cavern  partially  preserved.  Iowa  Geological  Survey,  volume 
ix ;  Geology  of  Scott  county,  Iowa. 

Four  (4)  views  presented  by  T.  C.  Hopkins 
Size,  3}  by  4i  inches 

1875  (1).  View  on  the  Oliio  River  bluff  opposite  Beaver,  showing  concentric 

weathering  in  shale.  The  weathering  from  the  joints  shows  concen- 
tric peeling  off  on  a  large  scale,  with  smaller  concretionary  masses 
inside.    T.  C.  Hopkins,  State  College,  Pennsylvania,  August,  1897. 

1876  (2).  View  on  the  Ohio  River  bluff  opposite  Beaver,  Pennsylvania,  showing 

concentric  weathering  in  shale  (Coal  Measures).  T.  C.  Hopkins,  State 
College,  Pennsylvania,  August,  1897. 

1877  (3).  View  of  a  shale  bluff  on  Block  House  run,  New  Brighton,  Pennsylvania, 

showing  concentric  weathering.  Shale  of  lower  Coal  Measures.  T.  C. 
Hopkins,  State  college,  Pennsylvania,  August,  1897. 

1878  (4).  View  showing  concentric  weathering  in  shale  (Coal  Measures)  on  the 

Ohio  River  bluff  at  Rochester,  Pennsylvania.  T.  C.  Hopkins,  State 
College,  Pennsylvania,  August,  1897. 

Announceineiits  regarding  the  annual  dinner  were  made  by  Dr  E.  O. 
Hovey  and  concerning  mail  and  railroad  certificates  by  Professor  J.  F. 
Kemp. 

The  first  two  papers  of  the  morning  session  were  read  by  the  author 
and  discussed  together. 

RELATIONS  OF  TERTIARY  FORMATIONS  IN    THE  WESTERN  NEBRASKA    REGION 

BY  N.  H.  DARTON 
SHORELINES  OF  TERTIARY  LAKES  ON  THE  SHORES  OF  ^HE  BLACK  HILLS 

BY  N.  H.   DAKTON 

In  discussion  of  the  two  papers  remarks  were  made  by  G.  K.  Gilbert, 
G.  M.  Dawson,  and  A.  C.  Gill. 

The  following  paper  was  read  : 

GENERAL  GEOLOGY  OF  THE  CASCADE  MOUNTAINS  IN  NORTHERN  WASHINGTON 

BY  I.  C.  KUSSKLL 

Remarks  were  made  by  Bailey  Willis,  S.  F.  Emmons,  G.  M.  Dawson, 
and  the  author. 

The  Society  then  adjourned  for  the  noonday  recess  and  lunch  and  re- 
convened at  one  o'clock  p  m. 
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As  introductory  to  the  paper  by  Mr  McGee,  an  address  was  made  on 
the  archeology  of  California  by  Mr  W.  H.  Holmes,  expressing  strong 
doubts  of  the  credibility  or  genuineness  of  the  reputed  evidences  of  man 
in  the  Tertiary  of  California.     This  was  followed  by 

GEOLOGY  AND  ARCHEOLOGY  OF  THE  CALIFORNIA  GOLD  BELT 

BY  W  J   MC  QBE 

The  paper  was  discussed  by  S.  F.  Emmons,  J.  W.  Powell,  J.  A.  Holmes, 
H.  T.  Fuller,  Angelo  Heilprin,  the  author,  and  Professor  William  H. 
Brewer,  of  New  Haven,  Connecticut,  a  visitor.  A  portion  of  the  matter 
of  the  paper  and  the  address  by  Professor  Holmes  is  published  in  the 
American  Anthropologist  (new  series),  volume  1, 1899,  pages  107-121. 

• 

Vice-President  Emerson  assumed  the  chair,  and,  in  the  absence  of  its 
author,  the  next  paper  was  read  by  title. 

GEOLOGY  AND  PHYSIOGRAPHY  OF  THE  WEST  INDIES 

BY  BOBBBT  T.  HILL 

In  place  of  the  above  paper  the  following  paper  was  given  place : 

PHYSIOGRAPHY  AND  GEOLOGY  OF  REGION  ADJACENT  TO  THE  NICARAGUA 

CANAL  ROUTE 

BY  C.    W.    HAYES 

Remarks  were  made  by  G.  K.  Gilbert  and  Professor  William  H.  Brewer. 
The  paper  is  printed  as  pages  285-348  of  this  volume. 

The  next  paper  was  read  by  title  : 

SURFACE  FEATURES  OB  NORTHERN  KENTUCKY 
BY  MARIU8  R.   CAMPBELL 

The  two  following  papers  were  then  read : 

AN  UNRECOGNIZED  PROCESS  IN  GLACIAL  EROSION 

BY  WILLARD   D.  JOHNSON 

GEOLOGY  OF  THE  YOSEMITE  NATIONAL  PARK 

BY  H.  W.  TURNER 

President  Stevenson  at  this  point  resumed  the  chair.  The  discussion 
of  the  last  two  papers  was  begun,  but  was  soon  postponed  until  the 
afternoon  of  Friday  (see  page  491). 
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The  following  three  papers  were  read  without  discussion  : 

OOLD  MINING  IN  THE  KLONDIKE  DISTRICT 

BY  J.  B.  TYRRBLL 
GLACIAL  PHENOMENA  IN  THE  CANADIAN  YUKON  DISTRICT 

BY  J.  B.  TYBRBLL 

The  paper  is  printed  as  pages  193-198  of  this  volume. 

THE  NASHUA   VALLEY  GLACIAL  LAKE 
BY  W.  O.  CROSBY 

No  evening  session  was  held,  but  the  Fellows  of  the  Society  with  a  few 
guests  had  the  annual  dinner  at  the  hotel  Logerot 


Session  of  Friday,  December  30 

The  Society  met  at  10  o'clock  a  m,  President  Stevenson  in  the  chair. 
The  Secretary  announced  that  the  Council  had  selected  Washington 
as  the  place  of  meeting  for  December,  1899. 
The  scientific  program  was  resumed  with  the  following  paper : 

ORIGIN  OP  THE  GRAHAMITB  IN  RITCHIE  COUNTY,  WEST  VIRGINIA 

BY  I.  C.  WHITB 

Remarks  were  made  by  A.  P.  Coleman,  J.  S.  Diller,  J.F.  Kemp,  M.  A. 
Wads  worth,  J.  A.  Holmes,  and  the  author.  The  paper  is  printed  as 
pages  277-284  of  this  volume,  under  the  title  "  Origin  of  Grahamite." 

The  next  paper  was 

GEOLOGICAL  STRUCTURE  OP  THE  lOLA  GAS  PIBLD 

BY  EDWARD  OBTON 

Remarks  were  made  by  the  President,  J.  F.  Kemp,  and  I.  C.  White. 
The  paper  is  printed  as  pages  99-106  of  this  volume. 

The  following  paper  was  then  read : 

CONSHOHOCKEN  PLASTIC  CLA  YS 
BY  T.  C.  HOPKINS 

On  the  hill  near  Conshohocken  is  one  of  the  most  interesting  clay  deposits  in 
the  state  of  Pennsylvania — interesting  to  the  geologist  becaose,  with  possibly  one 
exception,  it  is  unlike  any  other  deposit  in  the  state,  and,  further,  for  its  remark- 
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a>>lc  refiemblance  to  clay  beds  in  other  states.  It  was  a  matter  of  great  surprise  to 
the  writer  to  find  that  there  was  no  description  nor  even  mention  of  these  clays  in 
any  of  the  state  geological  reports,  nor  in  fact  in  geological  literature  anywhere, 
and  this  despite  the  fact  that  they  have  had  an  important  economic  usage  for  50 
J*  ears. 
The- clays  occur  on  the  hill  north  of  Conshohocken,  north  of  the  Schuylkill  river, 
.  al>ont  13  miles  above  Philadelphia.  The  clay  has  been  exploitecj  about  the  little 
village  of  Harraarville,  along  the  pike  between  Conshohocken  and  Plymouth,  and 
at  several  points  eastward  along  the  ridge  to  and  beyond  Barren  or  Lafayette  hill, 
covering  an  area  several  square  miles  in  extent. 

The  clay  rests  upon  a  blue  (in  places  white  and  blue)  limestone  supposed  to  be 
of  the  age  of  the  Trenton  period.  The  limestone  outcrops  in  several  places  in  the 
proximity  of  the  clay  and  has  been  quarried  i\s  marble  quite  extensively.  A  trap 
dike  crosses  the  area,  and  the  trap  rock  is  exposed  in  several  places.  Iron  ore  and 
sand  are  still  more  intimately  associated  with  the  clay,  and  both  have  been  mined 
quite  extensively. 

The  clay,  which  is  a  tough,  plastic,  refractory  one,  lies  in  inequalities  on  the 
limestone.  It  is  quite  variable  in  color  and  character  at  different  points.  One  pit 
may  show  clay,  while  another  close  by  will  contain  nothing  but  sand,  and  from 
tlie  same  pit  is  taken  bright  red  clay,  variegated  red  and  gray,  white,  black,  and 
yellow  clays,  the  colors  not  regularly  banded,  but  quite  irregularly  mixed.  In 
some  places  there  are  considerable  bodies  of  uniform  color,  while  at  other  points 
the  colors  are  quite  intricately  mixed. 

The  variation  in  color  and  character  of  the  materials  probably  may  be  best  shown 
by  comparing  the  following  detailed  sections,  the  location  of  which  is  shown  on 
the  accompanying  plan,  drawn  to  scale,  on  which  the  elevation  above  tide  is 
shown. 

Numbers  1,  2,  and  3,  the  openings  farthest  southwest,  are  sand  pits  from  which 
foundry  sand  has  been  mined.  The  upper  part,  2  to  3  feet  thick,  consists  of  yellow 
sand,  containing  many  quartz  fragments  and  fragments  of  iron  ore,  which  appar- 
ently rests  uncouformably  upon  a  light,  yellow-colored,  clean,  quartz  sand  with 
rounded  grains,  like  beach  sand.  In  one  o^mning  thin,  irregular  layers  of  fine 
gravel  occur  in  this  sand  10  feet  and  15  feet  from  the  top  along  with  a  few  small 
IMK'kets  of  white  clay.  The  sand  shows  false  bedding  in  places,  and  in  one  of  the 
openings  the  sand  is  a  light,  feathery,  micaceous  variety. 

Number  4  is  a  clay  pit  worked  to  a  depth  varying  from  50  to  60  feet.  There  is 
at  the  surface  a  layer  3  to  6  feet  thick  of  yellow  sand,  in  a  few  places  running  to  a 
depth  of  15  feet.  This  is  underlain  by  red  variegated  clay,  a  brilliant  red  clay,  a 
black  clay  containing  much  charcoal  or  lignite,  and  a  dove-colored  clay.  Both  the 
dove-colored  and  the  black  clays  turn  lighter  on  exposure.  These  clays  are  not 
regularly  bedded,  but  quite  irregular  in  their  occurrence.  Thus  the  red  clay  runs 
more  than  half  way  down  the  pit  on  one  side,  while  on  the  other  the  black  clay 
extends  nearly  to  the  surface. 

Number  5  is  an  abandoned  iron  mine  which  shows  a  white  clay  containing  large 
quantities  of  iron  ore  and  numerous  pebbles  and  cobblestones — some  rounded, 
some  angular,  and  some  subangular — the  whole  mass  resembling  in  a  striking 
manner  beds  of  glacial  drift.  This  mass  of  material  shows  a  coarse  lamination  in 
places,  a  lamination  strikhigly  unconformable  with  a  finely  laminated  sandy  clay 
that  underlies  it  in  one  place. 
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Number  18  is  the  Barren  HiH  terra-cotta  works,  where  these  plastic  clays  have 
been  used  for  nearly  50  vears. 

These  are  all  the  openings  that  had  been  made  in  the  clay  as  late  as  August, 
1898,  althouf^h  there  is  little  doubt  that  many  of  the  wells  in  this  vicinity  ha</e 
been  sunk  into  it.  The  area  of  the  clays  is  probably  not  much  larger  than  that 
outlined  by  the  pits  shown  on  the  plat.  Inquiry  and  a  hasty  examination  failed 
to  discover  any  similar  deposits  of  red  and  variegated  plastic  clay  in  Pennsylvania 
except  the  deposit  at  Turkey  Hill,  a  few  miles  southwest  from  Trenton,  in  the 
extreme  eastern  part  of  Pennsylvania,  and  25  or  30  miles  from  Conshohocken,  at 
which  point  red  and  variegated  clays  were  mined  several  years  ago  and  shipped 
to  the  Trenton  potteries.  The  mines  have  not  been  operated  for  several  years,  as 
they  are  two  far  from  the  railroad  to  compete  with  the  New  Jersey  clays. 

The  Conshohocken  clays  resemble  the  plastic  clays  of  New  Jersey,  Long  Island, 
and  Marthas  Vineyard.  The  similarity  in  appearance  is  sufficient  to  suggest  that 
they  may  have  been  formed  at  the  same  time,  at  least  under  similar  if  not  the 
same  conditions  and  from  materials  having  probably  the  same  source. 

To  the  best  of  my  knowledge,  no  fossils  have  been  found  in  these  clay^  except 
the  lignite,  consisting  of  fragments  of  branches,  which  are  fairly  well  preserved, 
but  which  rapidly  crumble  on  exposure,  and  until  further  paleontologic  evidence 
is  found  any  correlation  of  these  clays  with  deposits  elsewhere  will  no  doubt  be 
attended  with  uncertainty. 

The  clays  have  been  used  in  the  terra-cotta  works  at  Barren  hill  and  Spring  mill 
for  making  sewer  pipe ;  they  have  been  shipped  to  Reading  and  Royersford  for 
making  firebrick  and  stove  linings.  They  have  been  used  at  Norristown  for  fur- 
nace lining,  and  to  some  extent  for  making  glass  pots.  They  are  quite  plastic  and 
highly  refractory,  and  the  wonder  is  that  they  have  not  been  used  more  extensively* 
The  reason  for  their  limited  usage  may  be  that  they  are  little  known  outside  of  the 
immediate  locality,  and  they  are  too  remote  from  the  railroad  to  comjiete  success- 
fully with  the  New  Jersey  clays.* 

The  next  paper  was  : 

REMARKABLE  LANDSLIP  IN  PORTNEUP  COUNTY,  QUEBEC 

BY  OKORGB  M.    DAWSON 
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liOCALITY   AND   CoNS^QURNCES  OP  THE   LANDSLIP 

On  May  7,  1898,  a  landslip  occurred  on  the  Riviere  Blanche,  a  tributary  of  the 
Sainte  Anne  de  la  P«5rade,  parish  of  Saint  Thuribe,  Portneuf  county,  Quebec.    Th  e 

*More  exten<iod  field  observations  carried  on  since  the  above  was  in  type  throw  considerabi* 
light  on  the  origin  of  these  clays.  The  results  will  be  incorporated  in  reports,  by  the  writer  on  the 
clays  of  eastern  Pennsylvania  in  the  annual  reports  of  Pennsylvania  State  College. 


LANDSLIP   IN   PORTNEUF   COUNTY,   QUEBEC  485 

slip  took  plaee  on  the  east  side  of  the  river,  at  a  distance  of  3  miles  from  the  vil- 
lage of  Saint  Casimir.  The  results  were  disastrous  to  the  farmers  whose  property 
was  affected,  one  life  was  lost,  two  inhabited  houses,  a  school-house,  two  barns, 
and  several  outbuildings  were  destrp\'ed  or  engulfed,  and  cattle,  horses,  and  other 
live  stock  perished. 

Examination  made 

On  May  29  I  visited  and  examined  the  locality,  taking  some  photographs  of  the 
scene,  and  a  few  days  later,  at  my  request,  Mr  K.  Chalmers,  of  the  Geological  Sur- 
vey, accompanied  by  Mr  J.  Keele,  made  a  closer  study  of  the  circumstances  as 
well  as  an  approximate  survey  of  the  place,  and  procured  additional  photographs. 
The  following  brief  description  is  based  partly  on  my  own  observations,  in  part 
on  those  of  Mr  Chahners,  and  is  intended  merely  to  outline  the  chief  facts  of  in- 
terest, from  a  geological  standpoint,  respecting  a  mode  of  denudation  that  appears 
to  have  been  not  uncommon  in  the  clay-floored  plain  of  some  parts  of  the  Saint 
Lawrence  valley. 

CHARACrrBR  OF  THB  COUNTRY 

At  the  place  in  question,  the  Riviere  Blanche,  a  small  stream,  occupies  a  valley 
ninning  from  north  to  south,  about  1,000  feet  wide,  between  sloping  banks,  25  to 
35  feet  higli,  and  nearly  uniform  in  this  respect.  The  surface  of  the  country  in 
the  vicinity  is  for  the  most  part  under  tillage,  and  is  practically  level  to  the  eye, 
being  a  terrace-flat  or  plain  composed  of  the  marine  Pleistocene  deposit  known  as 
I^a  clay,  the  whole  thickness  of  which  is  not  here  anywhere  shown.  The  clay 
is  occasionally  covered  by  arenaceous  deposits  a  few  feet  thick  and  referable  to  the 
Saxicava  sands. 

To  the  north  of  and  adjoining  the  wide  crater-like  depression  produced  by  the 
landslip  here  particularly  described  there  is,  however,  an  irregular  depressed 
area  of  nearly  the  same  size,  now  under  tillage,  that  evidently  represents  the  site 
of  a  much  earlier  slip  of  the  same  character.  Still  farther  to  the  north,  and  at  a 
distance  of  50  chains  from  the  recent  slip,  the  road,  which  runs  parallel  to  the  river 
valley  and  near  it,  crosses  a  low  Hdge  of  boulder  clay.  This  material  may  be  pre- 
sumed to  underlie  the  Leda  clay  elsewhere,  but  the  subjacent  rock  is  nowhere  seen 
in  the  vicinity. 

Mode  and  Extent  op  the  Movement 

A  small  runnel  of  water  appears  to  have  entered  the  Blanche  valley  at  the  point 
where  the  material  of  the  landslip  subsequently  found  issue,  and  I  was  informed 
that  previous  to  the  main  slip  a  small  slide  had  been  noted  to  occur  at  this  spot. 
At  half  past  five  in  the  morning  the  inhabitants  were  alarmed  by  the  movement 
of  the  soil,  which  then  suddenly  began  and  continued  for  three  or  four  hours.  The 
imraeiiiate  bank  of  the  river  valley  appears  in  the  first  place  to  have  given  way 
along  a  front  of  about  200  feet  in  width,  and  the  gap  thus  made  rapidly  extended 
inland,  forming  an  opening  through  which  a  great  body  of  clay  behind  rushed 
tumultuously  out  into  the  Blanche  valley.  At  a  short  distance  from  the  bank  of 
the  valley  the  width  of  the  area  aflected  greatly  enlarged,  the  sides  of  the  depres- 
sion collapsing  and  falling  into  the  gulf,  until  a  crater-like  hollow  of  bottle-shaped 
outline  and  opening  on  the  valley  by  a  narrow  neck  was  proiiuced. 
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The  intiabitanta  on  the  Bpot  were  so  mach  alarmed  tliat  they  naturally  did  nol 
observe  theactual  proRreeaofthe  landslip  with  great  precision,  but  eye- wit  neaaoidt^ 
Bcribe  the  passage  of  blocks  and  pyrHniicts  of  clay  througli  tlie  orifice  to  the  river 
valley  as  being  very  swift  and  resemblinic  eteamere  in  motion  on  a  river.  The  oc- 
currence in  fact  may  be  sai'l  to  have  re3ein1>led  the  bursting  out  into  the  valley 
of  a  lake  of  liqu  d  mud  beanng  with  it  outstanding  and  unbroken  blocks  of  clay 
detached  from  the  sidea  of  the  collapsing  area. 


nofl)  o 


C/ay-fillal  Rirrr-raUry 


On  entering  the  Blanche  valley  the  flood  of  clay  spread  upitream  for  some  500 
or  600  feet,  pomling  back  the  nver  water,  but  the  greater  part,  descending  the 
valley  for  nearly  two  miles,  filled  It  for  that  distance  to  a  mftxlmum  depth  of  fijlly 
25  f<«t,  cBiising  the  destruction  of  the  rich  meadows  along  the  valley,  besides  that 
of  the  agricultural  lands  immediately  alTei^ted  by  the  colIa|>8e. 

When  examined  by  me,  the  actual  landslip  was  represented  by  a  depressed  area 
bordered  by  clay  ciiSa  from  15  to  30  feet  high,  1,700  feet  in  maximum  width,  witha 
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greatest  length  of  3,000  feet  and' an  area  of  86  acres.  The  floor  of  this  depression 
was  formed  hy  irregular  mounds,  pyramids,  and  blocks  of  clay,  with  trees,  ()ortions 
of  fences,  and  other  debris  and  small  pools  of  water  here  and  there ;  although  it  is 
{>tated  that  very  little  water  was  seen  during  the  actual  movement  of  the  mass. 
The  wrecks  of  tree§  coming  from  a  wood-lot,  part  of  which  still  remains  near  the 
head  of  the  crater,  showed  very  clearly  the  direction  of  flow  of  the  mass.  The 
channel  of  the  Blanche  below  the  orifice  of  the  slip  was  entirely  filled,  and  the 
water  spread  from  bank  to  bank  of  the  valley  amid  mounds  and  blocks  of  clay  and 
debris  that  stood  above  it. 

Amount  or  Material  involved 

The  quantity  of  material  which  thus  poured  suddenly  out  into  the  Blanche 
valley  is  approximately  estimated  at  93,654,000  cubic  feet,  with  a  total  weight,  ac- 
cording to  the  specific  gravity  determined,  of  about  5,572,413  tons  of  2,000  pounds. 

The  slope  of  the  original  surface  from  the  head  of  the  collapsed  area  to  the  point 
at  which  the  road  formerly  passed,  near  the  entrance  to  the  narrow  outlet,  was, 
according  to  barometric  observations  by  Mr  Chalmers,  about  10  feet  only.  The 
approximate  difierence  between  the  average  level  of  the  bottom  from  the  head  to 
the  present  water  level  in  the  Blanche  valley,  according  to  the  same  authority,  is 
between  20  and  25  feet,  while  the  slope  of  that  part  of  the  Blanche  valley  from  the 
orifice  of  the  slip  to  the  extremity  of  the  flood  of  clay  is  not  much  more  than  30 
feet. 

Explanation  of  the  Catastrophe 

The  light  slopes  indicated  by  the  above  figures  show  that  the  mass  of  clay  must 
have  simulated  a  liquid  body  when  in  motion.  Mr  Chalmers  suggests  that  a  lower 
bed  of  the  clay,  in  consequence  of  the  impermeability  of  the  subjacent  boulder 
clay,  became  exceptionally  saturated,  forming  a  sliding  plane  upon  which  the  more 
coherent  overlying  masses  moved  down.  This  would  be  in  conformity  with  the 
ex])lanation  usually  (and  probably  in  most  cjises  correctly)  given  for  landslips,  and 
it  seems  very  likely  that  something  of  the  kind  may  have  been  concerned  in  the 
initiation  of  the  slip  here  descril>ed  where  it  began  on  the  bank  of  the  Blanche 
valley.  It  appears  to  me,  however,  that  the  great  and  sudden  discharge  of  clay  in 
this  case  should  rather  be  attributed  to  the  character  of  the  water-saturated  mass 
as  a  whole,  particularly  as  no  evidence  was  found  of  any  specially  permeable  or 
fluent  bed  and  no  underlying  surface  either  of  boulder  clay  or  rock  is  anywhere 
exposetl.  It  will  be  noted  that  this  landslip  difiers  very  markedly  in  character 
from  the  ordinary  form,  in  which  the  subsidence  occurs  along  an  extended  front. 

Three  representative  specimens  of  the  clay,  collected  by  Mr  Chalmers  while  still  in 
a  nearly  saturated  condition  were  submitted  to  a  careful  examination  in  the  labora- 
tory of  the  Survey  under  Doctor  Hoff*inann's  supervision.  A  mean  of  the  results 
obtained  shows  the  specific  gravity  of  the  clay  as  received  to  have  been  1.912, 
equivalent  to  a  weight  of  1 19.5  pounds  to  the  cubic  foot.  The  clay  as  received  was 
found  capable  of  absorbing  a  small  additional  amount  of  water,  varying  from  7.0 
to  0.2  per  cent  by  weight.  Apart  from  the  water,  it  consisted  of  35.5  per  cent  of 
argillaceous  matter  and  43.3  per  cent  of  silt.  When  fully  saturated  it  contained 
on  the  average,  which  varied  little  in  the  three  samples,  23.5  per  cent  of  water  by 
weight  or  nearly  50  per  cent  by  volume. 
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It  will  be  noted  that  the  Leda  clay  here  contains  a  considerable  proportion  of 
silt  as  compared  with  the  argillaceous  matter  proper,  bearing  oat  an  observation 
made  to  the  same  effect  on  inspection  of  the  locality.  The  large  amount  of  eilty 
matter  present  would  render  the  clay  unusually  permeable,  and  it  seeme,  there- 
fore, to  be  probable  that  the  water  saturated  the  mass  by  descending  directly 
through  it  from  the  surface,  in  a  manner  which  would  not  have  been  possible  in 
4  the  case  of  the  more  purely  argillaceous  clays  of  the  same  age  usually  found. 

In  Rankine's  Civil  Engineering  It  is  stated  that  "  the  presence  of  moisture  in 
earth  to  an  extent  just  sufficient  to  expel  air  from  its  crevices  seems  to  increase 
its  coefficient  of  friction  slightly  ;  but  any  additional  moisture  acts  like  an  nngaent 
in  diminishing  friction  and  tends  to  reduce  the  earth  to  a  semifluid  condition,  or 
to  the  state  of  mud."  It  appears  probable  that  in  this  particular  instance  the 
silty  clay,  surcharged  with  water,  stood  in  a  condition  of  unstable  equilibrium,  re- 
taining its  solidity  merely  by  virtue  of  its  unbroken  molecular  texture,  and  that 
at  the  moment  in  which  it  became  subject  to  internal  movement  this  texture  gave 
way  and  it  lapsed  into  a  nearly  liquid  mass,  the  particles  rearranging  themselves 
with  some  freedom  in  the  water  previously  locked  up  in  its  pores. 

The  fact  that  many  clays  when  once  completely  dried  and  then  immersed  in 
water  lose  their  plastic  character  and  crumble  down  into  an  incoherent  mud,  shows 
that  the  natural  texture  is  an  important  element  in  their  coherence  and  plasticity, 
and  one  which  does  not  appear  to  have  been  fully  recognized  in  connection  with 
experiments  on  clays  and  soils. 

The  high  specific  gravity  of  the  fluent  portion  of  the  mass  in  this  case,  no  doubt 
enabled  it  to  carry  the  unbroken  blocks  of  clay  along  that  were  supplied  by  the 
collapsing  sides  of  the  crater-like  depreasion  which  was  immediately  formed,  and 
when  not  subjected  to  stress  these  blocks  continued  to  retain  their  original  firm- 
ness and  form. 

The  fact  that  the  great  mass  of  moving  material  was  discharged  through  a  com- 
paratively narrow  orifice,  shows  that  the  bank  of  the  valley  through  which  it 
passed  was  much  firmer  in  character  than  the  clay  forming  the  subsoil  of  the 
plain  behind.  This  no  doubt  arose  from  the  natural  drainage  of  the  clay  along  the 
bank  preventing  its  complete  saturation.  The  same  explanation  no  doubt  accounts 
for  the  northern  limit  of  the  collapsed  area  occurring  along  the  line  where  the  sur- 
face begins  to  slope  down  toward  the  hollow  of  the  old  landslip  already  men- 
tioned, but  the  limiting  causes  dn  the  east  and  south  are  not  clearly  apparent. 

Inquiries  made  on  the  spot  showed  that  no  excessive  rains  had  occurred  imme- 
diately preceding  the  slip,  but  that  a  great  depth  of  snow  lay  upon  the  grounil 
during  the  latter  part  of  the  preceding  winter.  These  statements  are  confirmed 
by  the  meteorological  observations  made  at  Quebec,  about  40  miles  distant,  which 
have  been  obligingly  furnished  by  Mr  R.  F.  Stupart,  director  of  the  meteorological 
service.  From  these  it  appears  that  the  total  precipitation  (in  rain  or  melt«d 
snow)  for  the  months  of  November  and  December,  1897,  and  in  January,  March, 
and  April,  1898,  was  slightly  below  the  normal  for  the  past  24  years,  but  that  in 
February,  1898,  it  was  two  inches  above  the  average,  in  the  form  of  an  abnormal 
excess  of  snowfall  in  that  month  of  17.9  inches,  the  total  snowfall  for  February, 
being  44.2  inches.  The  ground  was  thus  heavily  burdened  with  snow  in  the  later 
winter.     During  April  most  of  this  melted  and  the  soil  itself  thawed,  permitting 
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the  al sorption  of  the  water  and  resulting,  early  in  May,  when  the  clay  beds  had 
thus  beirome  thoroughly  saturated,  in  the  landslip  which  has  been  described. 

Prothction  from  similar  Disasters 

The  only  way  in  which  the  recurrence  of  such  slips  in  regions  of  country  of  the 
same  character  and  under  similar  exceptional  conditions  of  precipitation  can  be 
guarded  against  appears  to  be  the  provision  of  effective  surface  drainage,  such  as 
to  carry  off  the  excess  of  water  before  the  rather  slow  process  of  absorption  by  the 
subjacent  clays  can  take  place. 

Similar  Ocx:i7rrbncies  in  the  same  Region 

In  a  paper  entitled  **  L*Eboulis  de  Saint  Alban,''  *  Monseigneur  Lallamme  has 
given  an  excellent  account  of  a  landslip  that  occurred  on  April  27,  1894,  on  the 
Sainte  Anne  river,  distant  about  7  miles  only  from  that  above  described  and  af- 
feotin<;  similar  deposits  of  the  same  plain,  although  at  Saint  Alban  a  large  part  of 
the  slide  consisted  of  the  Saxicava  sands,  there  developed  in  great  thickness  above 
the  Le<la  clay. 

The  landslip  at  Saint  Alban  was  also  much  larger  than  that  on  the  Blanche,  an 
area  more  than  3  miles  in  length  along  the  river  and  about  7,700  feet  in  greatest 
width  having  moved  bodily  down  into  the  valley.  Five  or  six  farm-houses  were 
rlestroyed  or  swallowed  up,  four  lives  were  lost,  and  the  entire  mass  of  the  slide  is 
estimated  at  from  600,000,000  to  700,000,000  cubic  feet. 

The  landslip  at  Saint  Alban  was  also  different  in  its  cause  and  character.  The 
river  was  flrat  dammed  by  a  comparatively  small  slide,  and  when  the  water  thus 
held  back  eventually  broke  through,  its  undermining  action  on  the  high  banks 
of  the  valley  was  such  as  to  precipitate  the  collapse  of  the  much  greater  area  above 

noted,  t 

A  brief  description  of  a  landslip  almost  identical  in  character  with  that  of  the 
Blanche  and  affecting  a  similarly  situate<l  part  of  the  same  Saint  Lawrence  plain 
has,  however,  previously  been  given  by  Sir  William  Logan  in  a  paper  read  before 
the  Geological  Society  of  London  in  1842.  X 

This  landslip  occurred  on  the  Maskinong^  river,  about  50  miles  to  the  southwest 
of  the  Riviere  Blanche,  on  April  4, 1840,  and  was  examined  by  Logan  in  the  follow- 
ing autumn.  Like  that  on  the  Blanche,  its  outlet  through  the  bank  of  the  valley 
was  narrow,  and  its  greatest  width,  about  600  yards,  occurreil  at  some  distance 
back  from  this  bank.  The  length  of  the  collapsed  area  was  1,300  yards,  and  its 
area  about  84  acres,  the  depth  of  the  depression  being  about  30  feet.  The  nearly 
liquid  clay  flowed  both  up  and  down  the  valley  of  the  Maskinong^  for  a  distance 
of  about  three-quarters  of  a  mile  in  each  direction,  bearing  with  it  large  blocks  and 
masses  of  unbroken  clay.  The  whole  movement  was  effected  in  about  3  hours, 
the  first  mass  of  clay  detached  being  about  200  yards  in  width  by  700  in  length. 


•  Transaf  liouR  Royal  Society  of  Canada,  vol.  xii,  part  iv,  1894,  p.  63. 

t  Since  the  present  paper  was  read  a  short  note  by  the  ^ame  author  on  the  Blanche  landslip  has 
boen  publiHhed  in  the  Report  of  the  Commissioner  of  Colonization  and  Mines  of  Quebec  for  1898, 

p.  131. 
t  Proceedings  of  the  Geological  Society  of  London,  vol.  iii,  p.  767;  also  Life  of  Sir  William 

Logna,  p.  95. 
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Logan  particularly  notes  that)  except  on  one  side,  the  area  of  the  terrace-flat 
affected  by  the  slip,  was  bounded  by  lower  land,  a  ridge  or  crest  being  left  between 
the  collapsed  area  and  this  lower  land.  This  is  quite  similar  to  the  fisict  observed 
in  connection  with  the  landslip  on  the  Blanche,  and  is,  no  doubt,  to  be  explained 
in  the  manner  previously  alluded  to.  He  nowhere  saw  the  underlying  rock  or 
other  material  below  the  clay,  but  is  inclined  to  the  belief  that  the  movement 
may  have  occurred  on  a  sloping  bed  of  rock.  If,  however,  m^  interpretation  of 
the  facts  on  the  Blanche  be  correct,  it  seems  unnecessary  to  assume  the  existence 
of  such  a  sliding  surfSsu^e  in  either  case,  the  action  of  gravitation  upon  the  saturated 
mass  of  clay  itself  being. probably  sufficient  to  account  for  its  flow  to  the  lower 
level,  the  retaining  bank  having  been  broken  through  in  the  first  instance. 

The  fifth  paper  of  the  morning  session  was : 

RIPPLR-MARKS  AND  CR0S8-BBDDIN& 
BY  a.   K.   aiLBERT 

Remarks  were  made  by  the  President,  B.  K.  Emerson,  A.  C.  Spencer, 
C.  W.  Hayes,  and  the  authof.  The  paper  is  printed  as  pages  135-140  of 
this  volume. 

The  sixth  and  closing  paper  of  the  session  was  upon 

VOLCANOES  OF  SOVTHBASTBRN  RUSSIA 
BY  H.  FIELDING  R£1D 

Doctor  Reid's  paper  was  discussed  by  E.  O.  Hovey,  J.  Stanley-Brown, 
Angelo  Heilprin,  L.  V.  Pirsson,  I.  C.  Russell,  C.  D.  Walcott,  and  the 
author.  A  short  abstract  is  printed  in  Science,  volume  9,  January  27, 
1899,  page  139. 

The  Secretary  made  some  announcements  regarding  the  order  of  papers 
in  the  program.  It  was  voted  to  organize  for  the  afternoon  session  a 
petrographic  section,  before  which  the  papers  on  petrology  and  min- 
eralogy should  be  read.  The  proceedings  of  this  section  will  be  found  on 
page  499. 

The  Society  adjourned  for  lunch,  and  reconvened  at  1.30  o'clock  p  m. 

The  first  paper  of  the  afternoon  session  in  the  general  section  was  read 
by  title. 

FORMATION  OF  DIKES  AND   VEINS 
BY  N.  S.  8HALKR 

The  paper  is  printed  as  pages  253-262  of  this  volume. 
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The  second  paper  presented  was  : 

PBBCAMBRIAN  F0RSILIFBR0U8  FORMA TION8 

BY  C.  D.  WAIXX)TT 

The  paper  was  discussed  by  J.  A.  Holmes,  H.  S.  Williams,  H.  M.  Ami, 
Bailey  Willis,  and  the  author.  It  is  printed  as  pages  199-244  of  this 
volume. 

The  discussion  of  the  paper  by  Mr  W.  D.  Johnson,  postponed  from 
Thursday  (see  page  479),  was  announced.  Remarks  were  made  by  I.  C. 
Russell,  H.  F.  Reid,  G.  K.  Gilbert,  and  the  author. 

The  next  two  papers  were  read  and  discussed  as  one. 

QLACIAL  SCULPTURE  IN  WESTERN  NEW  YORK 

BY  G.  K.  GILBERT 

The  paper  is  printed  as  pages  121-130  of  this  volume. 

DISLOCATION  AT  THIRTY-MILE  POINT,  NEW  YORK 

BY  O.  K.  GILBERT 

The  paper  is  printed  as  pages  131-134  of  this  volume.  Remarks  upon 
the  two  papers  by  Doctor  Gilbert  were  made  by  H.  F.  Reid,  Robert  Bell, 
and  the  author. 

The  following  paper  was  read  by  the  senior  author  : 

WIND  DEPOSITS  OF  EASTERN  MONTANA 
BY  C  W.  HAI.L   AND    F.  W.  SAKDESON 

Remarks  were  made  by  J.  B.  Woodworth  and  Arthur  Hollick.  The 
paper  is  printed  as  pages  349-360  of  this  volume. 

The  next  paper  was : 

LAKE  IROQUOIS  AND  ITS  PREDECESSORS  AT  TORONTO 

BY  A.  P.  COLEMAN 

This  paper  was  discussed  by  G.  K.  Gilbert  and  Robert  Bell.  It  is 
printed  as  pages  165-176  of  this  volume. 
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« 

The  next  paper  was  entitled  : 

THAMES  RIVER  TERRACES  IN  CONNECTICUT 

BY  F.  P.  GULLIVER 

Dana  classed  the  terraces  on  the  sides  of  the  drowned  valley  of  the  Thames  river, 
Connecticut,  as  fiuviatile  deposits  of  the  Champlain  period,  and  thus  considered 
that  they  were  formed  as  floodplaius  in  a  greatly  expanded  river,  their  summits 
marking  the  greatest  height  reached  by  the  floods  from  the  fast  melting  ice-sheet. 
The  writer  has  for  some  time  considered  the  above  hypothesis  inadequate  to  ac- 
count for  the  many  forms  assumed  by  the  glacial  waste  at  levels  intermediate  be- 
tween the  up|>er  terrace  and  the  present  bed  of  the  Thames  river,  particularly  those 
typical  eskers  which  today  lie  partly  submerged  in  the  waters  of  the  estuary.  Not 
until  the  recent  cuts,  made  for  the  new  line  of  the  New  York,  New  Haven  and 
Hartford  railroad  in  eastern  Connecticut,  along  the  east  bank  of  the  Thames  river 
betweeii  Norwich  and  New  London,  had  revealed  the  delta  structure  of  these  flat- 
topped  deposits  lying  against  the  steep  sides  of  this  valley,  which  had  been  devel- 
oped to  adolescence  before  the  depression  of  the  land  took  place,  was  it  possible  to 
make  out  a  more  detailed  history  of  the  aggradation  which  occurred  in  this  valley 
in  Pleistocene  time.  The  present  paper  outlines  more  in  detail  the  method  of  thi^i 
deposition. 

The  first  question  testing  the  flooded  river  hypothesis  is  whether  these  deposits 
form  a  uniform  grade,  rising  gradually  higher  farther  and  farther  upstream. 
Roughly,  this  is  the  fact.  The  terraces  rise  10  to  15  feet  above  the  river  at  New- 
London  and  increase  in  height  up  the  river  until  they  are  90  to  100  feet  above  tide 
at  Norwich.  These  level-topped  deposits  are  not  continuous,  however,  and  a  series 
of  accurate  levels  run  up  the  river  might  show  that  these  deposits  belong  to  more 
than  one  system  and  do  not  fall  into  one  grade.* 

At  several  points  along  the  river  there  are  typical  eskers  which  do  not  rise  to 
the  level  of  the  flat-topped  deposits.  These  present  to  the  eye  the  charact-eristic 
ridge,  with  steep  sides  and  curving  first  to  the  right  and  then  to  the  left,  which 
has  generally  been  recognized  as  a  constructional  form  produced  by  glacial  rivers 
at  a  late  stage  in  the  melting  of  the  ice.  A  very  good  example  is  found  about  3 
miles  l)elow  Norwich,  on  the  east  side  of  the  river,  opposite  the  little  Indian  vil- 
lage called  Mohegan.  The  unsubmerged  portion  of  this  esker  has  been  used  by  the 
railroad,  as  a  part  of  its  embankment,  in  crossing  one  of  the  numerous  coves  which 
resulted  from  the  drowning  of  the  Thames  valley.  The  summit  of  this  esker  is  in 
places  more  than  80  feet  beneath  the  level  of  the  gravel  plain  less  than  a  mile  to 
the  north.  This  gravel  ridge  has  the  typical  constructional  esker  form,  as  if  the 
glacier  had  left  it  bat  a  few  weeks  ago ;  therefore  it  is  very  difficult  to  conceive 
that  a  flooded  river  could  have  built  a  floodplain  80  feet  above  this  deposit  with- 
out obliterating  its  ridge  like  form. 

Two  miles  above  the  United  States  naval  station  there  was  another  short  esker, 
some  30  feet  below  the  level  of  the  terrace  at  this  point  on  the  river,  which  has 
been  almost  entirely  removed  by  the  eugineere  to  fill  in  across  one  of  the  deep  side 
valleys.  The  bottom  at  this  place  was  found  to  be  covered  with  very  fine  mud, 
which  slid  to  one  side  when  rock  and  gmvel  were  piled  on  top,  so  that  a  great  deal 

♦See  paper  by  F.  B.  Koons,  Am.  Jour.  Scl.,  1682,  p.  425. 
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of  material  was  used,  thus  nearly  obliterating  the  little  esker  that  played  a  most 
important  part  in  the  history  of  the  deposits  now  to  be  discussed. 

Another  difficulty  with  the  hypothesis  of  a  flooded  river  is  that  these  terraces 
have  numerous  depressions,  10  to  15  feet  in  depth,  which  are  very  similar  in  form 
to  kettleholes  seen  ift  sand  plains  in  other  parts  of  New  England.  These  kettle- 
holes  would  suggest  that  ice  was  probably  present  when  the  deposits  were  being 
built  up,  the  sand  having  been  washed  around  ice  blocks. 

The  cuts  made  at  the  navy  yard  will  now  be  considered.  In  order  that  there 
should  be  no  grade  crossings  at  this  point,  the  road  leading  from  the  highway  to- 
ward the  river  was  cut  below  the  level  of  the  track.  At  this  point,  therefore,  the 
sections  were  exposed  much  deeper  into  the  terrace  than  at  any  other  place,  and 
the  writer  was  so  fortunate  as  to  obtain  a  number  of  photographs  of  these  cuts  be- 
fore the  banks  were  sloped  back  to  make  the  sides  of  the  road.  Four  of  these  are 
here  reproduced.  They  all  show  delta  structure- 
Figure  1  of  plate  53  is  a  general  view  looking  south  across  the  cut  for  the  road. 
The  granite  blocks  lie  on  the  level  wliere  the  railroad  now  runs,  the  cut  for  which 
through  the  overlying  deposits  may  be  seen  to  the  right  of  the  cart.  These  over- 
lying deposits  are  some  10  feet  thick  and  made  up  of  coarse  gravel  and  sand  in 
nearly  horizontal  layers,  and  are  typical  top-set  beds  of  a  glacial  delta.  At  the 
place  where  the  view  is  taken  they  have  been  removed  almost  entirely,  leaving  the 
fore  set  beds  beneath  them.  This  photograph  is  taken  where  the  fore-set  beds 
from  one  lobe  merge  into  those  of  another  lobe  of  the  delta,  the  upper  portions  of 
all  the  layers  being  cut  off  by  the  succeeding  top-set  beds,  a  small  portion  of  which 
had  fortunately  not  been  removed  when  the  view  was  taken. 

Figure  2  of  plate  53  is  taken  in  the  cut  looking  north  at  southward-dipping  fore- 
set  beds,  the  water-laid  character  of  which  is  evident  from  a  glance  at  the  structure 
as  shown  in  the  photograph.  A  few  inches  of  the  top-set  beds  are  shown  here  also 
just  beneath  the  small  house. 

Figure  1  of  plate  54  is  also  taken  in  the  cut,  but  looking  eastward,  and  therefore 
at  right  angles  to  the  general  direction  of  water  and  ice  flow  down  the  valley.  The 
connection  of  the  top-set  with  the  fore-set  beds  is  here  very  clearly  shown,  in  places 
contiimous  with  them  and  in  places  cutting  ofl*  the  to|)fl  of  the  previously  laid  fore- 
sets.  The  delta  character  of  this  deposit  is  here  unmistakable,  and  this  is  in  a  m- 
gion  where  the  flat-topped  deposit  laps  up  against  the  till-covered  slopes  of  the  sides 
of  the  valley  in  a  manner  strongly  to  suggest  the  terrace  origin. 

Figure  2,  plate  54,  is  taken  at  the  extreme  eastern  end  of  the  cut  and  shows  the 
better  strati  fled  deposits  overlying  the  less  stratified  deposits  at  the  edge  of  the 
delta-terrace,  where  the  stratified  drift  ends  and  the  unstratified  drift  begins.  Less 
than  20  feet  east  of  where  this  photograph  is  taken,  there  is  unmistakable  till. 
Along  the  margin  of  the  terrace  at  this  point  the  sections  show,  mixed  with  the  less 
stratified  water-worn  material,  some  more  angular  rock  waste  that  is  morainal  in 
character.  This  point  would  thus  apjjear  to  have  been  an  ice-margin  at  a  time 
immediately  preceding  that  of  delta-building.  This  deposit  would  indicate  that 
there  was  a  tongue  of  ice  extending  down  the  valley  with  its  margin  at  this  point 
when  the  water  from  the  melting  glacier  came  out  farther  down  the  valley,  perhaps 
at  New  London;  and  that  a  little  later,  when  the  tongue  did  not  quite  fill  the  val- 
ley»  A  glacial  delta  was  built  at  this  )>oint,  filling  in  completely  the  space  between 
the  ice  and  the  valley  side.  The  stream  which  supplied  this  waste  was  some  2  miles 
above  the  navy  yard,  as  is  indicated  by  the  esker  mentioned  above.     For  the  method 
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of  building  up  of  this  deposit  the  reader  is  referred  to  Professor  Russell's  acconnt 
of  the  Malaspina  glacier.* 

There  are  no  lobes  pointing  downstream  in  the  direction  of  ice  and  water  move- 
ment, as  one  would  be  led  to  expect  from  a  study  of  New  Encrland  sandplains  ;  t 
but  the  position  of  all  the  eskers  at  the  sid^  of  the  valley  indicates  that  the  ice  was 
in  the  center  of  the  valley,  and  if  the  waste  was  sufiicient  to  iill  in  all  the  space 
between  the  ice  and  tlie  valley  sides,  as  the  deposit  at  the  navy  yard  seems  to  show, 
there  would  have  been  no  chance  for  the  formation  of  lobes. 

Although  there  are  no  lobes  at  the  navy  yard,  the  writer  found  several  places 
along  the  river  where  tributaries  enter,  which  were  not  completely  filled  in  by  waste 
from  the  ice-tongue  to  valley  margin,  and  here  the  typical  lobe  form  was  found. 
One  of  the  best  examples  is  seen  at  Poquetannock  cove,  on  the  east  side  of  the 
river,  where  there  is  a  large  amount  of  washed  drift,  on  the  eastern  margin  of 
which  there  are  a  number  of  well  developed  lobes  which  point  eastward,  as  if 
formed  by  streams  flowing  from  an  ice  tongue  in  the  center  of  the  river. 

The  ice-contact  slope  or  moraine  terrace  is  the  steep  slope  of  these  flat-topped 
deposits  which  now  faces  the  Thames  river,  if  the  above  outlined  delta  hypothesis 
is  to  replace  the  flood  plain  hypothesis.  It  would  then  follow  that  the  washe«l 
drift  in  this  valley  had  been  very  slightly  altered  in  form  since  the  last  retreat  of 
the  ice.  *  In  all  j>oints  where  man  has  not  materially  changed  the  aspect  of  these 
terrace  slopes  the  form  seems  to  the  writer  to  be  better  explained  as  an  ice-contact 
slope  than  in  any  other  way.  In  a  number  of  places  boulders  are  found  on  these 
steep  slopes  facing  the  river,  the  position  of  which  is  easy  to  explain  if  we  con- 
ceive a  contiguous  ice-margin  from  which  they  might  have  fallen  ;  but  it  is  impos- 
sible to  see  how  they  could  stand  where  they  do  if  the  edge  of  this  deposit  is  the 
result  of  erosion. 

There  are  many  other  interesting  features  about  these  Thames  River  deposits, 
such  as  the  rock  hill  at  Montville,  around  which  the  ice  flowed  in  two  sti-eams, 
forming  two  sets  of  terraces,  the  sandplain  at  Montville,  or  the  extensive  plains  at 
Norwich,  which  should  all  l)e  described  in  making  out  the  history  of  this  region 
in  the  way  it  has  been  done  for  Narragansett  bay.J  The  field  survey  for  this  work 
has  not  been  completed  yet,  so  the  details  of  the  history  of  these  deposits  is  not 
here  given.  Enough  facts  have  been  mentioned  to  show  that  these  delta-ternices 
were  formed  when  the  ice  was  present  in  the  drowne<l  valley,  and  the  suggestion 
is  made  that  the  structure  of  other  so-called  glacial  terraces  be  examined  to  see  if 
they  weve  not  similarly  formed.  There  "are  undoubted  fluviatile  terraces,?  and 
these  should  be  discriminated  from  such  delta- terraces  as  are  here  described. 

A  most  interesting  question  is  the  water  level  shown  by  these  delta  deposits. 
It  may  be  the  sealevel,  in  which  case  a  tilting  of  the  land  is  shown  by  these  Thames 
River  deposits,  the  greater  elevation  being  inland ;  it  may  be  a  series  of  lak^,  as 
has  been  suggested  by  Mr  Robert  Chalmers,  ||  or  it  may  be  that  there  was  a  block- 
ing up  of  the  valley  at  New  London  by  ice  or  rock  waste  or  both,  and  that  as  the 
ice  melted  first  from  the  sides  of  the  valley  it  left  water  bodies  on  each  side  of  an 
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ice-tongue,  and  that  the  streams  from  this  tongue  built  out  their  deltas  into  this 
water  on  either  side.  From  the  facta  known  at  present  it  is  not  possible  to  say 
jufit  which  condition  prevaileil  in  the  Tliames  valley. 

Remarks  on  Mr  Gulliver's  paper  were  made  by  X  B.  Woodworth. 

In  the  absence  of  the  author  the  following  paper  was  read  in  abstract 
by  Robert  Bell : 

OOLD-BBARINQ  VEINS  OP  BOO  BAY,  LAKE  OF  THE  WOODS 

BY  PETER  MCKBLLAR 

lAbstracf] 

Many  auriferous  veins  have  been  prospected  and  a  considerable  number  mined 
in  this  part  of  the  gold  region  of  western  Ontario.  Three  of  the  companies  operat- 
ing there,  namely,  the  Tycoon,  Toronto  and  Western,  and  the  Mikado,  are  working 
on  veins  cutting  the  Bog  Bay  granite  mass.  The  i>eculiar  feature  of  these  veins  is  the 
sniallness  of  the  quartz  fissures  compared  with  the  total  size  of  the  ore  bodies,  and 
it  is  this  characteristic  that  the  present  paper  is  intended  to  explain. 

The  geology  of  the  whole  district  from  lake  Superior  to  the  west  side  of  lake  of 
'  the  Woods,  with  a  breadth  of  over  300  miles,  has  been  investigated  and  the  re- 
sults published  in  detail  by  the  Geological  Survey  of  Canada. 

Doctor  Bell  commenced  the  real  work  in  the  Thunder  Bay  district  in  1869,  and 
in  the  Wabigoon  and  T^akeof  the  Woods  regions  in  1881,  and  made  the  first  geolog- 
ical 'maps  of  these  territories.  He  showed  that  the  rocks  of  this  great  area  were 
essentially  Laurentian  and  Huronian,  the  gneisses  and  the  principal  acid  erupt- 
ives  being  classed  with  the  former,  while  tlie  green  schists  in  general  and  the 
basic  eruptives  were  provisionally  included  in  the  latter  system.  In  many  places 
lM>th  groups  of  rocks  were  shown  to  be  intersected  by  felsitic  and  greenstone 
dikes  and  numerous  fissure  veins,  many  of  which  are  now  proving  to  be  aurif- 
erous. 

The  author  describeii,  illustrating  by  diagrams,  the  three  mines  above  men- 
tioned and  showed  that  small  quartz  veins  cutting  the  granite  were  accompanied 
on  one  or  both  sides  by  a  workable  thickness  of  an  auriferous  mineral  to  which 
he  gave  the  tentative  name  mikadoite. 

The  quartz  veins  are  frequently  so  small  as  to  be  traced  with  difficulty  for  any 
considerable  distance  on  the  surface,  yet  when  opene<l  up  by  mining  they  gener- 
ally show  a  breadth  of  2  to  6  feet  or  more  of  gold-bearing  ore,  consisting  mostly 
of  this  mineral,  which  resembles  light  greenish-gray  serpentine,  but  has  a  coarse 
granular  fracture  like  the  granite  itself.  It  passes  by  insensible  degrees  into 
quartz,  but  when  pure  it  is  easily  distinguished  by  its  softness  and  the  unctuous 
character  of  its  powder. 

Iron  pyrites  in  very  fine  grains  is  disseininate<i  through  it  to  the  extent  of  one-half 
to  three  per  cent  or  more,  and  this  vein-mineral  may  be  identical  with  a  similar  one, 
also  characterized  by  fine-grained  iron  pyrites,  which  forms  parts  of  some  of  the 
gold-bearing  veins  of  the  Ural  mountains.  The  weathered  surfece  of  the  mika- 
doite resembles  that  of  the  adjoining  granite,  and  the  outcroppings  of  these  i)ecu- 
liar  veins  would  be  passed  over  as  unworthy  of  notice,  even  by  experienced 
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proepectors,  unless  their  attention  had  lieen  previously  called  to  their  character 
and  importance. 

Even  when  veins  of  this  nature  contain  hut  little  gold  at  the  surface  they  are 
generally  found  to  he  richer  in  depth,  and  from  their  supposed  mode  of  formation 
the  author  attempts  to  give  a  rational  explanation  of  this  circumstance. 

They  are  evidently  true  fissures,  as  indicated  hy  the  faulting  which  may  be  seen 
along  some  of  them,  and  also  from  the  fact  that  they  intersect  alike  both  the  nia^s>- 
ive  and  the  stratified  rocks.  The  mikadoite  spreads  out  irregularly  on  either  side 
of  the  quartz  sheet  which  accompanies  it  and  forms,  as  it  were,  the  backbone  of 
the  vein.  The  latter  may  carry  small  quantities  of  the  sulphides  of  copper,  leail, 
zinc,  and  more  rarely  bismuth,  but  these  minerals  are  scarcer  in  the  mikadoite,  in 
which  the  fine  grained  pyrite  above  mentioned  is  the  prevailing  sulphide. 

Many  of  the  felsite  and  greenstone  dikes  of  Bog  Bay  district  have  been  found  by- 
assay  to  be  auriferous  and  a  few  of  them  are  being  worked  for  gold  with  promis- 
ing results. 

It  seems  highly  probable  to  the  author  that  the  gold  was  derived  from  heateil 
vapors  and  solutions  which  ascended  through  the  fissures  from  great  depths,  pre- 
sumably from  the  vicinity  of  the  magmas — the  source  of  the  felsites  and  green- 
stones. 

The  felsite  dikes  are  generally  present  near  the  veins  and  are  usually  more  or 
less  charge<l  with  the  fine  grained  sulphide  of  iron  that  almost  invariably  accom- 
panies the  gold  in  the  veins.  Their  auriferous  character  is  more  marked  when 
they  are  close  to  the  quartz  veins.  The  felsite  in  many  places  loses  the  crystalline 
texture  and  passes  into  phonolite  with  the  usual  metallic  ring.  It  is  probable  that 
this  rock  may  have  some  connection  with  the  occurrence  of  the  gold  here,  as  the 
phonolites  of  the  famous  Cripple  Creek  district  of  Colorado  are  admitted  to  have 
in  that  region.  In  a  somewhat  similar  way  the  trap{)ean  eruptions  of  the  Kewee- 
naw district  are  l)elieved  to  be  connected  with  the  presence  of  native  copt>er 
there.  For  these  reasons  the  auriferous  veins  under  consideration  may  l>e  ex- 
pected to  continue  productive  to  a  considerable  depth,  and  to  improve  rather  than 
the  reverse  at  lower  depths.  • 

In  regard  to  the  manner  in  which  these  veins  were  formed,  the  auUior,  after 
much  study  and  observation,  reaches  the  conclusion  that  during  the  movement«< 
which  caused  these  rents  a  sufiicient  pressure  was  exerted  to  prevent  a  separation 
of  the  walls  so  as  to  leave  openings  for  the  reception  of  the  vein  matter;  hence  the 
openings  now  filled  with  gangue  must  have  been  subsequently  created.  The 
heated  solutions  that  would  be  certain  to  percolate  through  these  fissures  would 
dissolve  the  silica  out  of  the  wall-rocks  and  deposit  it  as  vein-quartz,  while  the 
crushed  rock  a<ljoining  the  fissures  would  be  metamorphosed  in  the  manner  de- 
scribed by  Professor  C.  R.  Van  Hise  in  his  admirable  pa|>er  ^'Metamorphism  of 
Rocks  and  Rock-flowage."  Referring  to  the  same  subject,  DrM.  E.  Wadaworth, 
states  in  his  pamphlet  **The  Lake  Sui)erior  Copper  Deposits,*'  issued  in  1891,  that 
*'one  of  the  latent  phases  of  the  formation  of  deposits  of  value  has  been  the  filling 
in  of  fissures  by  the  water-deposited  quartz  and  other  vein  materials,  or,  in  case  no 
crack  nor  fissure  existed,  by  the  removal  of  the  country  rocks  along  certain  linea 
and  their  replacement  by  vein  matter." 

Attention  is  called  to  the  great  difierence  in  character  between  the  gold-ljearing 
fissure  veins  of  Archean  time  and  those  of  later  age,  such  as  the  silver-bearing  veins 
of  the  Thunder  Bay  district. 
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# 
The  latter  show  well  defined  walls  with  brecciated  extraneous  matter  frequently 
inclosed  in  the  quartz  or  sparry  matrix,  while  the  adjacent  rocks  are  but  slightly, 
if  at  all,  laminated  or  metamorphosed.  The  newer  or  open-fissure  veins  of  the 
later  formations  are  sometimes  continued  with  the  same  characters  into  the  under- 
lying Archean  rocks.  On  the  other  hand  the  veins  in  the  Archean  rocks  of  more 
ancient  origin  rarely  show  two  well  defined  walls,  they  seldom  contain  extraneous 
brecciated  matter,  and  the  adjacent  country  rock  is  generally  laminated  and  highly 
metamorphosed.  The  laminated  portions  are,  in  many  instances,  an  important 
factor  in  the  gold  veins  of  the  latter  class,  as  shown  by  those  of  Bog  bay. 

The  author  believes  that  the  auriferous  veins  of  this  western  Ontario  district 
were  all  formed  in  Archean  time,  because  after  many  years  of  exploration  he 
knows  of  no  place  around  lake  Superior  where  such  veins  penetrate  the  later  for- 
mations. Such  veina  occur  in  the  Archean  areas  on  both  sides  of  this  lakQ,  as  at 
Jackfish  bay,  at  Schreiber  and  around  Shebandowau  lake  on  t|ie  north  side,  and 
again  at  the  Ropes  gold  mine  near  Ishpeming  on  the  south  side,  but  nowhere  in 
the  later  rocks  which  lie  between  the  last  mentioned  locality  and  the  others. 

The  metalliferous  veins  formed  during  the  Archean  period  have,  therefore,  a 
difTerent  set  of  cliaracters  from  those  which  originated  in  subsequent  times,  when 
the  crust  of  the  earth  had  become  thicker  and  colder.  In  the  early  age  of  the 
globe  to  which  the  Archean  rocks  belong,  the  crust  must  have  been  thinner  and 
weaker,  the  heat  greater,  the  gaseous  elements  more  powerful,  and  the  shrinkage 
of  the  crust  more  rapid  and  intense  than  in  later  times.  Therefore  we  might 
expect  to  find  the  rock  formations  greatly  fractured  and  the  sides  of  the  rents 
ground  and  laminated  to  a  greater  extent  than  in  veins  of  later  date.  Although 
veins  of  the  open  spaced  fissure  kind  do  occur  in  some  places  in  these  ancient 
rocks,  still  the  majority  of  their  veins  are  of  the  other  variety,  in  which  the  space 
for  the  reception  of  the  gangue  was  created  by  solvents  circulating  through  the 
crushed  material  along  the  fractures.  In  the  latter  case,  the  size  of  the  vein  proper 
is  not  a  fair  measure  for  comparing  the  strength,  value,  or  continuity  of  the  oi'e- 
lx)dy  with  that  of  an  ordinary  fissure  vein  occurring  in  newer  formations.  The 
lamination  of  the  walls  of  the  veins  formed  in  Archean  time  may  be  taken  as  a 
guide  for  distinguishing  them  from  those  of  the  other  class.  The  author  is  of  the 
opinion  that  mining  men  and  experts  in  general  will  be  mistaken  if  they  look  for 
the  general  characteristics  of  open-fissure  veins  in  judging  of  those  of  the  western 
gold  fields  of  Ontario. 

Gold-bearing  veins  of  the  class  here  described  are  not  confined  to  the  Bog  Bay 
district.  Similar  ones,  accompanied  by  mikadoite,  cut  granite  rocks  in  the  vicinity 
of  Sawbill  lake  on  the  Seine  river.  It  is  supposed  that  the  granite  of  this  locality 
was  erupted  about  the  same  time  as  that  of  Bog  bay  and  from  an  analogous  magma. 
Dikes  of  felsite  and  diorite,  like  those  of  the  latter  locality,  intersect  this  granite. 
The  Hammond  Reef  mine  of  the  Sawbill  region  is  situated  upon  a  belt  from  100  to 
500  feet  in  width  of  parallel  quartz  and  mikadoite  veins  having  characters  similar 
to  those  of  Bog  bay.  In  fact,  these  characteristics,  to  a  more  or  less  extent,  pre- 
vail throughout  these  extensive  Ontario  western  gold  fields. 
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The  fallowing  papers  were  all  read  by  title: 

ROCKY  MOUNTAINS  OP  MONTANA 
BY   BAILBY   WILLIS 

ORIGIN  OF  SOME  ARCHBAN  CONGLOMERATES 

BY   A.    B.    BARLOW 

GEOLOGY  OF  THE  CRYSTALLINE  ROCKS  OF  MANHATTAN  ISLAND  AND  VICINITY 

BY  FREDERICK   J.    H.    MERRILL 

ORIGIN  OF  THE  HIGHLAND  GORGE  OF  THE  HUDSON  RIVER 

BY  FREDERICK  J.    H.    MERRILL 

lAbstract} 

The  object  of  this  paper  is  to  call  attention  to  some  facts  of  geologic  structnre 
which  have  had  a  very  important  influence  on  the  course  of  the  Hudson  river  and 
the  location  of  its  gorge  through  the  pre-Cambrian  highlands  of  Putnam  and  Orange 
counties,  New  York. 

This  gorge  has  been  for  many  years  a  subject  of  interest  to  geologists,  and  vari- 
ous theories  have  been  advanced  concerning  its  origin.  The  most  prominent  of 
tliese  was  that  the  river  had  followed  an  old  fault  line,  erosion  having  been  guided 
by  a  line  of  displacement. 

Careful  examination  of  the  gorge  and  the  adjacent  territory  shows  that  no  dis- 
placement has  occurred  and  that  no  fault  is  there,  but  stratigraphic  study  of  the 
region  has  recently  brouglit  to  light  some  facts  which  aid  materially  in  assigning;  a 
reason  for  the  course  taken  by  the  river  through  the  area  of  crystalline  rocks  under 
consideration. 

The  central  portion  of  the  highland  gorge,  about  7  miles  in  length,  extending 
from  Cold  Spring  to  Anthonys  Nose,  has  a  direction  alx)ut  north  30  d^rees  east, 
following  the  general  strike  of  the  gneisses  which  form  its  sides.  These  rocks  are 
very  distinct  in  character  from  the  cpassive  granites  which  form  the  highland 
mountains,  being  quite  schistose  in  structure,  and  include,  at  a  number  of  points 
along  the  east  shore  of  the  river,  small  areas  of  highly  crystalline  limestone.  The 
river  in  this  part  of  the  goi^  is  about  half  a  mile  wide.  All  evidence  of  the  char- 
acter of  the  rocks  which  form  its  bottom  is  wanting,  and  we  are  obliged  to  go  north- 
ward along  the  line  of  strike  to  determine  their  probable  character.  As  may  be 
seen  from  an  inspection  of  the  West  Point  topographic  sheet,  from  Cold  Spring 
northeastward  extends  a  continuation  of  the  valley  occupied. by  the  river,  which,  • 
about  8  miles  from  Cold  Spring,  opens  into  the  Paleozoic  plain  of  southern  Dutchess 
county.  Through  this  valley  the  Trenton-Calciferous  limestone  of  the  latter  region 
can  be  traced  for  some  distance  southward  in  a  closely  pressed  synclinal  fold,  the 
pale  blue,  fine-grained  liinestone  of  Fishkill  being  succeeded  farther  southwest, 
near  Cold  Spring,  by  a  crystalline  limestone  which  is  apparently,  in  stratigraphic 
continuity  with  the  former,  but  which,  by  metamorphism,  has  become  vastly 
changed  in  its  condition. 

This  crystalline  limestone  is  inclosed  by  gneisses  similar  in  character  to  those 
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bonlering  the  river  between  Weet  Point  and  Fort  Montgomery.  The  inference 
from  stratigraphic  continuity  is  therefore  that  the  Hudson  river  from  West  Point 
to  Fort  Montgomery  follows  a  synclinal  valley,  along  the  bottom  of  which  is  a 
narrow  belt  of  limestone  bordered  on  either  side  by  schistose  rocks  which  have  l)een 
more  susceptible  to  erosion  than  the  massive  granites  of  the  Highland  mountains 
which  form  the  walls  of  the  valley.  This  feature,  which  is  characteristic  of  the 
central  portion  of  the  gorge,  does  not  exist  at  its  northern  and  southern  extrem- 
ities. Each  of  these  is  much  shorter  than  the  central  part  and  has  a  trend  quite 
oblique  to  it. 

An  examination  of  the  terminal  portions  shows  that  their  determining  cause  is 
not  a  syndine  of  softer  gneisses  and  limestone,  but  a  synclinal  cross-folding  of  the 
granite,  which  is  characteristic  of  the  crystalline  area  of  southeastern  New  York 
and  has  everywhere  an  important  intiuence  on  its  drainage.  This  cross-folding  is 
usually  attended  by  fracture,  and  although  we  cannot  positively  assert  that  the 
latter  has  occurred  at  the  two  points  mentioned,  it  is  highly  probable  that  the 
work  of  erosion  has  been  aided  in  this  way. 

low  AN  DRIFT 
BY  SAMURL  CALVIN 

The  paper  is  priated  as  pages  107-120  of  this  volume. 

LOESS  DEPOSITS  OF  MONTANA 
BY   N.    S.    8HALKB 

The  paper  is  printed  as  pages  245-252  of  this  volume. 

SPACINO  OF  RIVERS  WITH  REFERENCE  TO  HYPOTHESIS  OF  BASBLEVELINQ 

BY   N.   S.    SHALBR 

The  paper  is  printed  as  pages  263-276  of  this  volume. 


The  general  session  was  then  transferred  to  the  room  where  the  Petro- 
gniphic  Section  was  yet  in  progress.  The  work  in  this  special  section 
was  as  follows : 

Proceedings  of  the  Petuographic  Section 

This  temporary  section  was  convened  on  Friday,  at  2  o'clock  p  m, 
in  the  geological  lecture-room  of  Schermerhorn  Hall.  Vice-President 
Emerson  was  made  chairman  and  J.  F.  Kemp  secretary.  Six  papers 
were  read  before  the  section,  the  first  of  which  was 

DIFFERENCE  IN  BATHQLITHIC  GRANITES  ACCORDING  TO  DEPTH  OF  EROSION 

4 

BY   B.    K.    KMBRSON 

[Abstract] 

It  was  stated  that  the  Quincy  g;raiiite  ban<I  with  the  associated  quartz-porphyries 
rhyolitic  breccias,  and  granophyrs  extended  south  beneath  the  Carboniferous  to 
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Soath  Greenwich,  south  of  Providence,  Rhode  Island,  and  a  quartz  porphyry  and 
granite  containing  blue  quartz  were  especially  described.  South  of  the  Boston  area 
these  granites  do  not  alter  the  Cambrian  schists  and  do  not  absorb  any  material 
from  them.  Several  other  bands  extending  across  Worcester  county  were  con- 
trasted with  the  Quincy  band  in  the  following  particulars :  They  are  often  coarsely 
porphy  ritic,  while  the  Quincy  granites  are  not.  They  are  microcline  granites.  The 
Quincy  granites  are  orthoclase  granites.  They  contain  biotite  or  biotite  and  mas- 
covite  instead  of  biotite  and  hornblende  or  glaucophane. 

These  granite  batholites  are  also  contrasted  with  the  Quincy  rock  in  having  a 
broad  peripheral  layer  which  has  all  the  peculiarities  of  pegmatite  in  some  cases, 
and  grades  into  black  albitic  granites  or  even  quartz-diorites. 

These  differences  are  largely  due  to  the  fact  that  these  rocks  have  fuaed  much 
of  the  surrounding  schist  into  their  composition,  and  this  was  proved  by  finding 
characteristic  inclusions  of  the  schist  in  great  numbers  and  of  every  size  in  the 
granite,  and  also  by  tracing  these  inclusions  into  smaller  and  smaller  filaments 
until  they  faded  from  sight,  and  finding  with  the  microscope  far  beyond  this  point 
in  the  fresh  granite  clear  traces  of  the  schists.  When  the  schist  contains  pyrite, 
garnet,  fibrolite,  cordierite,  or  graphite,  the  granite  becomes  more  ferruginoua  and 
garnetiferous.  The  amber  coarse  fibrolite  of  the  schist  appears  dissolved  and  re- 
crystallized  as  a  white,  silky  bucholzite  or  fazer-kiesel  in  the  granite,  and  the 
graphite  scales  are  inclosed  in  all  the  constituents  of  the  granite  over  many  square 
miles. 

Over  the  whole  surface  of  the  great  Hubbardston  batholite  of  perfect,  coarse  por- 
phyritic  granite  32  miles  long  and  6  miles  wide  it  was  possible  to  map  the  areas  once 
occupied  by  the  diff*erent  schists,  which  formerly  mantled  over  the  granite  mass  by 
means  of  the  indestructible  constituents  of  the  former  schists ;  by  the  portions  which 
had  melted  into  the  mass  of  the  granite ;  by  the  filaments  still  remaining  unabsorbed, 
and  by  the  different  aspect  of  the  granite,  dependent  largely  on  the  grejit  increment 
of  iron.  Using  especially  the  first  two  criteria,  this  double  mapping  of  the  region 
will  be  carried  out  in  the  sheets  being  prepared  for  the  United  States  Geological 
Survey. 

The  region  extending  for  several  miles  south  from  mount  Wachusett  and  that 
north  and  south  of  Brookfield  in  the  Hubbardston  Imtholite  furnish  abundant 
ex|K)Suras  for  the  study  of  the  phenomena  here  described. 


The  paper  was  discussed  by  Whitman  Cross,  M.  E.  Wadsworth,  J.  F. 
Kemp,  and  the  author.     Two  papers  by  Kemp  followed  : 

METAMORPHOSED  BASIC  PIKES  IN  THE  MANHATTAN  SCHISTS 

BY  J.    F.    KEMP 

Remarks  were  made  by  M.  E.  Wadsworth. 

GRANITES  OF  SOUTHERN  RHODE  ISLAND  AND  CONNECTICUT.   WITH  OBSERVA- 
TIONS ON  ATLANTIC  COAST  GRANITES  JN  GENERAL 

BY  J.    F.    KEMP 

Remarks  were  made  by  J.  E.  Wolff.     The  paper  is  printed  as  pages 
361-382  of  this  volume. 
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The  next  paper  was 

AUQITB-SYEAITE  GNEISS  NEAR  LOON  LAKE,  NEW  YORK 

BY   H.    P.   CU8HI^Q 

Remarks  were  made  by  H.  S.  Washington,  J.  F.  Kemp,  M.  E.  Wads- 
worth,  and  N.  H.  Winchell.  The  paper  is  printed  as  pages  177-192  o^ 
this  volume.     It  was  followed  by 

PHENOCRYSTS  OF  INTRUSIVE  IGNEOUS  ROCKS 

BY  L.  V.  PIRSSON 

Remarks  were  made  by  J.  P.  Iddings  and  Whitman  Cross.  The  last 
paper  was 

MICA  DEPOSITS  OF  THE  UNITED  STATES 
BY  J.    A.    HOLMES 

I  Abstract] 

The  deposits  of  commercial  mica  in  the  United  States,  though  widely  distrih- 
uted,  are  limited  to  a  few  districts.  They  tiave  been  worked  to  some  extent  alon^; 
the  Appalachian  system  of  mountains  in  New  Hampshire,  Virginia,  North  Caro- 
lina, the  Black  Hills  region  of  South  Dakota,  the  Cribbensville  district  of  northern 
New  Mexico,  and  western  Idaho. 

Additional  deposits  of  promise  have  been  found  and  developed  on  a  small  scale 
in  the  Appalachian  region  in  Maine,  Maryland,  South  Carolina,  Georgia,  and  Ala- 
l>ama,  and  in  California,  Wyominjf,  Nevada,  and  other  portions  of  New  Mexico. 
As  to  the  geologic  occurrence  of  these  deposits  it  may  be  said  that  as  far  as  exam- 
ined in  the  United  States  they  are  all  found  in  pegmatite  *'  veins"  or  dikes;  and 
these  pegmatite  dikes  occur  in  schistose  and  gneissic  rocks  which  are  nsually  classed 
as  Archean  in  age,  but  some  of  them  are  evidently  moi'e  recent.  The  dikes  yield- 
in^^  the  best  and  largest  quantities  of  mica  are  found  in  the  hornblende  and  mica- 
ceous gneisses  and  schists,  and  are  in  places  parallel  to  but  generally  breaking 
across  the  schistosity  of  these  rocks  at  varying  angles. 

Pegmatite  dikes,  as  is  well  known,  vary  in  thickness  from  a  few  inches  to  more 
than  250  feet,  and  can  be  traced  for  distances  varying  from  a  few  feet  in  the  smaller 
ones  to  sometimes  several  miles  in  the  larger  ones.  They  are  generally  quite  irreg- 
ular and  have  arms  branching  out  in  almost  every  direction.  Many  are  vertical, 
while  others  are  horizontal ;  most  of  them  vary  considerably  in  this  respect. 

In  character  the  pegmatite  may  be  called  an  exceedingly  coarse  granite,  consist- 
ing mainly  of  quartz  and  feldspar,  in  equal  or  variable  proportions,  and  mus- 
covite  mica.  In  some  places  the  quartz  and  feldspar  are  somewhat  uniformly 
distributed  through  the  pegmatite  mass,  while  in  other  cases  the  two  are  fairly 
well  separated,  the  feldspar  sometimes  crystallized  out  into  masses  more  than  a 
ton  in  weight.  In  addition  to  these  three  common  minerals,  there  occur  in  these 
dikes  a  large  number  of  accessory  minerals  with  varying  degrees  of  rarity.  The 
dikes  in  certain  localities  sometimes  contain  a  considerable  number  of  these  min- 
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erala — 20  or  more  species  being  occasionally  observed  in  a  single  dike — and  iu 
other  regions  few  of  them  are  to  be  found.  Thus  in  the  dikes  of  Mit<?hell  and 
Yancey  counties,  North  Carolina,  these  accessory  minerals  are  both  numerous  and 
varied,  47  or  more  being  enumerated  by  Pratt,  of  which  the  following  most  com- 
mon 20  species  may  be  named,  approximately  in  the  order  of  their  abundamv : 
kaolin,  almandite,  and  andradite  (garnets),  tourmaline,  beryl,  apatite,  epidot«, 
biotite,  microcline,  orthoclase,  allanite  (?),  uraninite,  gummite,  autunite,  colum- 
bite,  samarskite,  zosite  (var.  thalite),  pyrite,  magnetite,  menaccanite.  But  in 
Macon  county,  over  100  miles  southwest,  accessory  minerals  are  exceedingly  rare. 

In  the  Black  Hills  region  of  South  Dakota  these  mica  dikes  contain  a  number  of 
accessory  minerals,  but  not  iu  such  variety  as  has  been  found  in  the  North  Caro- 
lina region.  The  following  species  were  observed  there  by  the  writer:  tourmaline 
(mostly  black),  microcline,  albite— oligoclase  (sparingly  well  crystallized),  quarts 
(massive — pink  or  rose),  muacovite,  lepidolite,  biotite,  epidote,  garnet  (rare),  coluni- 
bite,  wolframite,  spodumene  (large  rough  crystals),  apatite  (rare),  menaccanite, 
cassiterite.  Two  additional  species,  triphylite  and  leucopyrite,  have  been  reporte«l 
by  Blake.  In  the  Cribbensville  district,  New  Mexico,  there  are  but  few  accessory 
minerals  and  these  are  rare. 

The  country  rock  immediately  adjacent  to  these  pegmatite  dikes  have  as  a  role 
undergone  but  slight  changes.  Frequently  they  are  somewhat  impregnated  with 
the  quartz  and  feldspar  of  the  dike,  these  materials  being  sufficiently  abundant  in 
some  cases  to  give  the  walls  of  the  dike  for  several  inches  from  the  contact  a 
grayish  or  whitish  appearance,  although  the  country  rock  may  have  been  a  darker 
color.  The  alteration  as  a  rule  does  not  extend  out  more  than  one  or  two  feet 
from  the  dike,  generally  not  more  than  a  few  inches.  After  this  perhaps  the  mo:<t 
common  feature  is  what  may  be  called  the  tourmalinization  of  the  country  rock 
to  a  distance  of  from  a  few  inches  to  one  or  more  feet  distant  from  the  rock,  the 
tourmaline  in  smalt  grains  or  crystals  being  at  times  quite  abundant  next  the  dike 
and  gradually  diminishing  as  this  distance  increases.  As  a  rule,  the  crystals 
C  blocks*'  or  **  books '')  of  commercial  mica  need  not  be  looked  for  in  the  dikes 
or  veins  under  two  feet  in  diameter,  but  there  are  cases  in  which  crystals  two  by 
two  and  one- half  feet  in  diameter  liave  been  found  in  the  dikes,  the  width  of 
which  waji  scarcely  greater  than  these  figures.  On  the  other  hand,  in  case  of  some 
of  the  larger  dikes  no  mica  whatever  of  commercial  value  has  been  found,  as,  f<tr 
example,  the  large  dike  being  mined  for  kaolin  by  the  Harris  Clay  company,  neiir 
Wel>8ter,  North  Carolina. 

As  to  the  distribution  of  mica  in  the  dike,  it  may  be  said  that  generally  these 
crystals  are  scattered  irregularly  through  the  matrix  of  quartz  and  feldspar,  and 
in  mining  operations  a  large  amount  of  useless  material  has«to  be  blasted  down 
and  removed  from  the  mine  in  order  to  secure  the  commercial  product  In  other 
cases,  however,  the  crystals  of  mica  occur  in  the  outer  part  of  the  dike  near  the 
wall  rock,  and  in  such  cases  the  mica  **  lead  "  may  be  more  easily  followed.  In 
some  cases  the  mica  constitutes  as  high  as  10  per  cent  of  the  total  mass  of  the 
dike,  but  in  the  majority  of  cases  it  will  prove  to  be  less  than  one  per  cent  of  the 
total,  and  in  many  of  the  largest  pegmatite  dikes,  as  stated  above,  no  commercial 
mica  is  found,  the  mica  present  being  in  small  scales  and  crystals,  the  largest 
diameter  of  wliich  would  rarely  exceed  two  inches.  Of  the  mica  taken  from  the 
dike  in  ordinary  mining  operations,  usually  less  than  10  per  cent,  and  sometimes 
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leas  than  2  per  cent,  hfts  a  commercial  value  as  sheet  mica,  the  remainder  being 
either  thrown  away  as  waste  material  or  pulverized  for  commercial  uses. 

The  age  of  these  dikes  in  different  parts  of  the  country  may  be  said  to  vary  con- 
siderably. In  crystalline  rocks  exposed  in  the  lower  part  of  the  Grand  canyon  of 
the  Colorado  in  northern  Arizona,  the  dikes  break  up  through  the  granitic  rocks,  but 
come  unconformable  against  the  base  of  the  Algonkin  series  there,  and  are  conse- 
quently pre-AIgonkin  m  age.  All  of  the  dikes  observed  in  the  Rocky  Mountain 
region  have  been  to  a  greater  or  less  degree  involved  in  the  schistosity  and  other 
structural  modifications  of  the  crystalline  rocks,  and  consequently  were  probably 
formed  during  the  earlier  stages  of  the  uplift  of  these  mountains.  In  the  Appala- 
chian region  these  dikes  are  not  in  most  cases  extensively  involved  in  the  schistose 
structures  of  the  rocks,  but  in  some  cases  they  have  undergone  considerable 
changes  in  connection  with  the  production  of  these  structures,  and  the  conditions 
surrounding  these  dikes  seem  to  indicate  that  they  were  formed  during  the  later 
stages  of  the  uplift  of  this  mountain  region,  though  in  some  cases  the  smaller 
dikes  are  involved  in  folds  quite  similar  in  general  character  to  those  typical  of  the 
Appalachian  structure.  In  cases  of  these  larger  Appalachian  dikes,  however,  the 
crystalline  character  is  such  as  to  indicate  few  or  no  great  pressure  changes,  and  to 
suggest  the  association  of  such  dikes  with  the  later  development  of  this  mountain 
region.  • 

Occasionally  in  the  Black  hills  and  in  New  Mexico,  and  less  frequently  in  the 
Appalachian  region,  the  sheets  of  mica  have  themselves  been  folded  under  press- 
ure, but  as  a  rule  they  show  little  such  distortion,  having  been,  like  the  coarse 
feldspar  and  quartz  of  the  dike,  but  little  modified  in  connection  with  the  moun- 
tain uplifting.  These  blocks  of  mica,  however,  frequently  have  their  commercial 
value  in  large  measure  destroyed  by  the  reproduction  of  what  is  called  **  ruled  " 
or  **  ribbon"  mica,  the  sheets  of  mica  being  cut  into  narrow  strips  with  parallel 
edges,  the  line  of  ruling  or  cutting  appearing  in  all  cases  to  be  parallel  to  certain 
axes  of  crystallization;  but  the  cause  of  this  "ruling*'  and  the  conditions  under 
which  it  has  been  produced  are  not  yet  well  understood. 

During  the  reading  of  Professor  Holmes' paper  the  Fellows  in  attend- 
ance at  the  meeting  gathered  in  the  Petrographic  Section,  which  was 
then  regarded  as  the  general  Society  meeting,  with  Vice-President  Emer- 
son in  the  chair. 

The  scientific  work  was  declared  completed. 

Mr  J.  S.  Diller  presented  a  resolution  of  thanks  to  the  President  and 
Trustees  of  Columbia  University  for  the  welcome  to  the  University  and 
the  use  of  the  rooms  and  facilities,  to  the  resident  Fellows  who  had 
served  as  a  local  Committee  of  Arrangements,  and  to  Mr  George  F.  Kunz 
for  his  labors  in  connection  with  the  annual  dinner. 

The  Society  then  adjourned. 
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*  During  nome  part  of  the  lant  day  of  tlio  meeting  the  Society  was  pleased  to  haye  in  atteDiUnce 
afl  a  visitor  l)r  Oliver  P.  Hubbard,  one  of  the  surviving  members  of  the  Associatioa  of  Americso 
Geologists  and  Naturalists,  1840-1847. 
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*  Indicates  Original  Fellow  (see  article  III  of  Constitution) 

><  Clkvei>and  Abbk,  Jr.,  Ph.  D.,  Rock  Hill.  8.  C. ;  Professor  in  Winthrop  Normal 
College  of  South  Carolina.     August,  1899. 

>  Frank  Dawson  Adams,  Ph.  D.,  Montreal  Canada;  Professor  of  Geology  in  McGill 

University.     December,  1889. 
>- Jos^  GuADALUPK  Aguilera,  EsQuela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico; 
Director  del  Instituto  Geologico  de  Mexico.     August,  1896. 
Truman  H.  Aldrich,  M.  E.,  Birmingham,  Ala.     May,  1889. 
^  Hknry  M.  Ami,  A.  M.,  Geological  Survey  Office,  Ottawa,  Canada;  Assistant  Paleon- 
tologist on  Geological  and  Natuml  H  istory  Survey  of  Canada.     December,  1889. 
^       K  Philip  Aroall,  821  Equitable  Building,  Denver,  Colo.;  Mining  Eng.     August^  1896. 
'^  Gborqr  Hall  Ashley,  M.  E.,  A.  M.,  Ph.  D.,  207  East  Fifteenth  St.,  Indianapolis, 

Ind. ;  Assistant  Geologist,  Indiana  Geological  Survey.    August,  1896. 
y  Harry  Foster  Bain,  M.S.,  Des  Moines,  Iowa;  Assistant  Geologist,  Iowa  Geological 
Survey.     December,  1895. 
Rupus  Mather  Bagg,  A.  B.,  Ph.  D.,  Colorado  College,  Colorado  Springs,  Colo. 

December,  1896. 
S.  Prentiss  Baldwin,  1345  Euclid  Ave.,  Cleveland,  Ohio.    August,  1895. 

>  Erwin  Hinckley  Barbour,  A.  B.,  Ph.  D.,  Lincoln,  Neb.;  Professor  of  Geology, 

University  of  Nebraska,  and  Acting  State  Geologist.    December,  1896. 
/George  H.  Barton,  B.  S.,  Boston,  Mass. ;  Instiuctor  in  Geology  in  Massachusetts 

Institute  of  Technology.    August,  1890. 
/Florence  Ba8CX)m,  A.  M.,  B.  S.,  Ph.  I).,  Bryn  Mawr,  Pa. ;  Instructor  in  Geology, 

Petrography,  and  Mineralogy  in  Bryn  Mawr  College.     August,  1894. 
/William  S.  Bayley,  Ph.  D.,  VVaterville,  Maine;  Professor  of  Geology  in  Colby 
Univeraity.     December,  1888. 
V        A  *Geouge  F.  Becker,  Ph.  D.,  Washington,  D.  C. ;  U.  S.  Geological  Survey. 

^Charles  E.  Bebchbr,  Ph.  6.,  Yale  University,  New  Haven,  Conn.     May,  1889. 
X  ^01^^^'^  Bell,  C.  E.,  M.  D.,  LL.  D.,  Ottawa,  Canada;  Assistant  Director  of  the 
Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
^  A^amuel  Walker  Beyeii,  B.  Sc,  Ph.  D. ,  Ames,  Iowa ;  Assistant  Professor  in  Geology, 

Iowa  Agricultural  College.    December,  1896. 
Albert  S.  Bickmore,  Ph.  D.,  American  Museum  of  Natural  History,  New  York; 

Professor  in  charge  Department  of  Public  Instruction.     December,  1889. 
*JoiiN  C.  Branner,  Ph.  D.,  Stanford  University,  Cal. ;  Professor  of  Geology  in 
Leland  Stanford  Jr.  University. 
I         \  Albert  Perry  Brigham,  A.  B.,  A.  M.,  Hamilton,  N.  Y. ;  Professor  of  Geology  and 
Natural  History,  Colgate  University.     December,  1893. 
\*  Garland  C.  Broadhead,  Columbia,  Mo, ;  Professor  of  Geology  in  the  University 

of  Missouri. 
^  Alfred  Hulse  Brooks,  B.  S.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geo- 
logical Survey,  August,  1899. 
y*  Samuel  Calvin,  Iowa  City,  Iowa ;  Professor  of  Geology  and  Zoology  in  the  State 
University  of  Iowa.    State  Geologist. 
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^  Hkscry  Donald  Caupbell,  Ph.  D.,  Lexington,  Va. ;    Professor  of  Geology  and 

Biology  in  Washington  and  T^ee  University.     May,  1889. 
/-  Marius  R.  Oampbbll,  U.  S.  Geological  Survey,  Washington,  D.  C.     August,  1892. 
Franklin  R.  Carpentkr,  Ph.  D.,  Dead  wood,  South  Dakota;  Superintendent  Dead- 
wood  and  Delaware  Smelting  Company.     May,  1889. 
RoBBRT  Chalmbbs,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist  on  Geo- 
logical and  Natural  History  Survey  of  Canada.     May,  1889. 
^  *T.  C.  Chambbblin,  LL.  D.,  Chicago,  III. ;  Head  Professor  of  Geology,  University 
of  Chicago. 
\;^Glarbncb  Raymond  Claokobn,  B.  S.,  M.  E.,  Vintondale,  Pa.     August,  1891. 
/**  William  Bullock  Clabk,  Ph.  D.,  Baltimore,  Md. ;  Professor  of  Geology  in  Johns 

Hopkins  University ;  State  Geologist. 
>^  John  Mason  Clakkb,  A.  M.,  Albany,  N.  Y. ;  State  Paleontologist.    December,  1897. 
y  *  Edward  W.  Claypole,  D.  Sc,  Pasadena,  Cal. 
^  J.  MoBOAN  Clbubnts,  B.  a.,  Ph.  D.,  Madison,  Wis. ;  Assistant  Professor  of  Geol- 

<^y  in  University  of  Wisconsin.     December,  1894. 
^^  ColubrCobb,  a.  B.,  a.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  in  University 

of  North  Carolina.     December,  1894. 
^  Arthur  P.  Colkman,  Ph.  D.,  Toronto,  Canada;  Professor  of  Geology,  Toronto 

University,  and  Geologist  of  Bureau  of  Mines  of  Ontario.     December,  1896. 
y  Gborgb  L.  Collie,  Ph.  D.,  Beloit,  Wis. ;  Professor  of  Geology  in  Beloit  College. 

December,  1897. 
/  ^Thbodobb  B.  Comstock,  Los  Angeles,  Cal. ;  Mining  Engineer. 
/  *  Fbancis  W.  Ckagin,  B.  S.,  Colorado  Springs,  Colo. ;  Professor  of  Geology  and 
Natural  History  in  Colorado  College. 
*Albbbt  R.  Ckandall,  A.  M.,  Alfred,  N.  Y. 
y  Alja  Robinson  Crook,  A.  B.,  Evanston,  111. ;  Professorof  Mineralogy  and  Petrog- 
raphy in  Northwestern  University.     December,  1898. 
y*  William  O.  Crosby,  b.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ; 
Asst.  Prof,  of  Mineralogy  and  Lithology  in  Massachusetts  Inst,  of  Technology. 
/  Whitman  Cross,  Ph.  D..  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 
Garry  E.  Culver,  A.  M.,  1104  Wisconsin  St.,  Stevens  Point,  Wis.     December,  1891. 
^*  Henry  P.  Cubhino,  M.  S.,  Adelbert  College,  Cleveland,  Ohio  ;  Professor  of  Geol- 
ogy, Western  Reserve  University. 
/T.  Nelson  Dale,  Williamstown,  Mass.;  Geologist,  U.  S.  Geological  Survey;  In- 
structor in  Geology,  Williams  College.     December,  1890. 
y*  Nbuson  H.  Darton,  United  States  Geological  Survey,  Washington,  D.  C. 
^*  William  M.  Davis,  Cambridge,  Mass. ;  Professor  of  Physical  Geography  in  Har- 
vard University. 
^  George  M.  Dawson,  D.  Sc,  A.  R.  S.  M.,  Geological  Survey  Office, Ottawa,  Canada; 

Director  of  Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
/-  David  T.  Day,  A.  B.,  Ph.  D.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    August,  1891. 
V  Orville  A.  Derby,  M.  8.,  Sao  Paulo,  Brazil;  Director  of  the  Geographical  and' 

Geological  Survey  of  the  Province  of  Sao  Paulo,  Brazil.     December,  1890. 
X*  Joseph  S.  Dillrr,  B.  S.,  United  States  Geological  Survey,  Washington,  D.  C. 
>< Edward  V.  d'Invilliers,  E.  M.,  711  Walnut  St.,  Philadelphia,  Pa.,  Dec,  1888. 
XRichard  E.  Dodge,  A.  M.,  Teachers'  College,  West  120th  St.,  New  York  city ;  Pro- 
fessor of  Geography  in  the  Teachers'  College.     August,  1897. 
/  Noah  Fields  Drake,  Ph.  D.,  Tientsin,  China;  Professor  of  Geology  in  Imperial 
Tientsin  University.    December,  1898. 
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/Charles  R.  Dryer,  M.  A.,  M.  D.,  Terre  Haute,  Ind. ;  Professor  of  Geoipaphy, 

Indiana  State  Normal  School.    August,  1897. 
y^  Edwin  T.  Dhmblb,  Austin,  Texas;  State  Geologist. 
Clarence  £.  Dutton,  Major,  U.  S.  A.,  Ordnance  Department,  Washington,  D.  C. 
August,  1891. 
^  *  William  B.  Dwiqht,  M.  A.,  Ph.  B.,  Poughkeepsie,  N.  Y. ;  Professor  of  Nataiml 
History  in  Vassar  College. 
Charles  R.  Eastuan,  A.  M.,  Ph.  D.,  Cambridge,  Mass. ;  Assistant  in  Paleontology 

in  Harvard  University.     December,  1895. 
*  George  H.  Eldridgb,  A.  B.,  United  States  Geological  Survey,  Washington,  D.  C. 
Arthur  H.  Elftman,  Ph.  D.,  Grand  Marais,  Minn.     December,  1898. 
Robert  W.  Elub,  LL.  D.,  Geological  Survey  Office,  Ottawa,  Canada ;  Geologist  on 
Geological  and  Natural  History  Survey  of  Canada.    December,  1888. 
y  *  Benjamin  K.  Emrrson,  Ph.  D.,  Amherst,  Mass. ;  Professor  in  Amherst  College. 
^*  Samuel  F.  Emmons,  A.  M.,  E.  M.,  U.  S.  Geological  Survey,'  Washington,  D.  C. 

John  Eterman,  F.  Z.  S.,  Oakhurst,  Eastou,  Pa.     August,  1891. 
X  Harold  W.  Fairbanks,  B.  S.,  Berkeley,  Cal.  ;  Geologist  State  Mining  Bureau. 

August,  1892. 
^  *  Hbrma»^  L.  Fairchild,  B.  S.,  Rochester,  N.  Y. ;  Professor  of  Geology  in  Uni- 
versity of  Rochester. 
\  J.  C.  Faleb,  Danville,  Kentucky ;  Professor  in  Centre  College.    December,  1888. 
/   OuvER  C.  Farrinoton,  Ph.  D.,  Chicago,  111. ;  In  charge  hi  Department  of  Geology, 

Field  Columbian  Museum.     December,  1895. 
^  William  M.  Fontaine,  A.  M.,  University  of  Virginia,  Va. ;  Professor  of  Natural 

History  and  Geology  in  University  of  Virginia.    December,  1888. 
/*  Persifor  Frazer,  D.  Sc.,  1042  Drexel  Building,  Philadelphia,  Pa, ;  Professor  of 

Chemistry  in  Franklin  Institute. 
K*  Homer  T.  Fuller,  Ph.  D.,  Springfield,  Mo. ;  President  of  Drury  College. 
^ Myron  Leslie  Fuller,  S.  B.,  Boston,  Mass. :  Instructor  in  Geology,  Massachusetts 
Institute  of  Technology.     December,  1898. 
Henrt  Stewart  Gane,  A.  B.,  Ph.  D.,  425  1^  Salle  Ave.,  Chicago,  III.    Dec.,  1896. 
Hbnrt  Gannett,  S.  B.,  A.  Met.  B.,  U.  S.  Geological  Survey.  Washington,  D.  C. 
December,  1891. 
X*  Grove  K.  Gilbert,  A,  M.,  LL.  D.,  U.  S.  (geological  Survey,  Washington,  D.  C. 
AdamCapbn  Gill,  A.  B.,  Ph.  D.,  Ithaca,  N.  Y. ;  Assistant  Professor  of  Mineralogy 
and  Petrography  in  Cornell  University.     December,  1888. 
/Charles  H.  Gordon,  M.  8.,  Ph.  D.,  Lincoln,  Neb. ;  Superintendent  of  Schools. 
August,  1893. 
Amadbus  William  Grabau,  S.  B.,  Cambridge,  Mass. ;   Fellow  in  Paleontology, 
Harvard  University.    December,  1898. 
/T  Ulysses  Sherman  Grant,  Ph.  D.,  Evanston,  111.  ;  Professor  of  Geology,  North- 
western University.    December,  1890. 
y  WfLLiAM  Stukelky  Gresley,  Erie,  Pa. ;  Mihing  Engineer.     December,  1893. 
^^  Gkoroe  p.  Grimsley,  M.  A.,  Ph.  D.,  Topeka,  Kan. ;  Professor  of  Geology  in  Wash- 
burn College.     August,  1895. 
/  I^EON  S.  Griswold,  a.  B.,  238  Boston  St.,  Dorchester |  Mass.    August,  1892. 
V  Frederick  P.  Gulliver,  A.  M.,  St.  Mark's  School,  Southboro,  Mass.    August,  1895. 
/  Aknold  Hague,  Ph.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 
♦Christopher  W.  Hall,  A.  M.,  803  University  Ave.,  Minneapolis,  Minn.  ;  Pro- 
fessor of  Geology  and  Mineralogy  in  University  of  Minnesota. 
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John  B.  Hastings,  M.  £.,  Rossland,  British  Columbia.     May,  1889. 
/  John  B.  Hatcujsr,  Ph.  B.,  Princeton,  N.  J. ;  Assistant  in  Geology,  College  of  New 

Jersey.    August,  1895. 
^  *  Erasmus  Ha  worth.  Ph.  D.,  Lawrence,  Kan. ;  Professor  of  Geology,  University  of 

Kansas. 
^  C.  WiLLARD  Haybs,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May, 

1889. 
X  *  AvGBLO  Hrilprin,  Academy  of  Natural  Sciences,  Philadelphia,  Pa. ;  Professor  of 

Paleontology  in  the  Academy  of  Natural  Sciences. 
/  *  EuoRNE  W.  Hilgard,  Ph.  D.,  LL.  D.,  Berkeley,  Cal. ;  Professor  of  Agriculture  in 
Universitv  of  California. 
Frank  A.  Hill,  Roanoke,  Va.    May,  1889. 

*  Robert  T.  Hill,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
/  Richard  C.  Hills,  Mining  Engineer,  Denver,  Colo.     August,  1894. 

y  *Charlb8  H.  Hitchcock,  Ph.  D.,  LL.  D.,  Hanover,  N.  H. ;  Professor  of  Geology 

in  Dartmouth  College. 
'  "<  William  Herbert  Hobbs,  B.  Sc,  Ph.  D.,  Madison,  Wis. ;  Assistant  Professor  of 
Mineralogy  in  the  University  of  Wisconsin.     August,  1891. 
*Levi  Holbrook,  a.  M.,  p.  0.  Box  536,  New  York  city. 

Arthur  Hollick,  Ph.  B.,  Columhia  University,  New  York ;  Instructor  in  Geology. 
August,  1893. 
/  *  Joseph  A.  Holmes,  Chapel  Hill,  N.  C. ;  State  Geologist  and  Professor  of  Geology 

in  University  of  North  Carolina. 
'  Thomas  C.  Hopkins,  A.  M.,  Walker  Museum,  University  of  Chicago.     Dec.,  1894. 
'  *  Edmund  Otis  Hovby,  Ph.  D.,  American  Museum  of  Natural  History,  New  York 
city ;  Assistant  Curator  of  Geology. 

*  Horace  C.  Hovky,  D.  D.,  Newburyport,  Mass. 

*  Edwin  E.  Howell,  A.  M.,  612  Seventeenth  St.  N.  W.,  Washington.  D.  C. 
/Lucirs  L.  Hubbard,  A.  B.,  LL.  D.,  Ph.  D.,  Houghton,  Mich. ;  State  Geologist  of 

Michigan.     December,  1894. 

*  A  lpheus  Hyatt,  B.  Si,  Boston  Society  of  Natural  History,  Boston,  Mass. ;  Curator 

of  Boston  Society  of  Natural  History. 
/  Joseph  P.  Iddinos,  Ph.  B.,  Professor  of  Petrographic  Geology,  University  of  Chi- 
cago, Chicago,  111.    May,  1889. 

A.  Wendell  Jackson,  Ph.  B.,  407  St.  Nicholas  Ave.,  New  York  city.     Dec.  1888. 

Robert  T.  Jackson,  S.  B.,  S.  D.,  33  Gloucester  St.,  Boston,  Mass. ;  Instructor  in 
Paleontology  in  Harvard  University.     August,  1894. 

Thomas  M.  Jackson,  C.  E.,  S.  D.,  Clarksburg,  W.  Va.     May,  1889. 

*  Willard  D.  Johnson,  United  States  Geological  Survey,  Washington,  D.  C. 

^y  Alexis  A.  Julibn,  Ph.  D.,  Columbia  College,  New  York  city ;  Instructor  in  Co- 
lumbia  College.     May,  1889. 
Arthur  Keith.  A,  M.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 
^* Jambs  F.  Kemp,  A.  B.,  E.  M.,  Columbia  University,  New  York  city;  Professor 

of  Geology. 
/Charles  Rollin  Keyks,  A.  M.,  Ph.  D.,  944  Fifth  St.,  Des  Moines,  Iowa.     Aug.,  1890. 
^  Wilbur  C.  Knight,  B.  S.,  A.  M.,  Laramie,  Wyo.;  Professor  of  Mining  and  Geology 
in  the  University  of  Wyoming.     August,  I8»7. 
P'rank  H.  Knowlton,  M.  8.,  Washington,  D.  C;  Assistant  Paleontologist,  U.  S. 
Geological  Survey.    May,  1889. 
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V  Henrt  H.  KttMMRL,  A.  M.,  Ph.  D.,  Trenton,  N.  J.;  Aasistant  State  GJeologist 

December,  1895. 
^*Georqb  F.  Kunz,  care  of  Tiffany  &  Co.,  15  Union  Square,  New  York  city. 

Ralph  D.  Lacob,  Pittston,  Pa.    December,  1889. 
/  Gborob  Edoar  Ladd,  A.  M.,  Ph.,  D.,  RoUa,  Mo.;   Director,  School  of  Mines. 

August,  1891. 
y  J.  C.  K.  Laflamme,  M.  a.,  D.  D.,  Quebec,  Canada;  Professor  of  Mineralogy  ami 

Geology  in  University  Laval,  Quebec.    August,  1890. 
y  Alfred  C.  Lane,  Ph.  D.,  Lansing,  Mich.;  Assistant  State  Geologist     Dec.,  188^. 
X  Daniel  W.  Langton,  Ph.  D.,  39  East  Tenth  St.,  New  York  city  ;  Mining  Engineer. 

December,  1889. 
^  Andrew  C.  Lawson,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Greology  in  the 

University  of  California.    May,  1889. 
^♦Joseph  Le  Contb,  M.  D.,  LL.  D.,  Berkeley,  Cal.;  Professor  of  Geology  in  the 
University  of  California. 
X  *J.  Peter  Lesley,  LL.  D..  1008  Clinton  St.,  Philadelphia,  Pa.;  State  Geologist. 
^  Frank  Lbvbrett,  B.  S.,  Denmark,  Iowa;  Asst.,  U.  S.  Geol.  Survey.     Aug.,  1890. 
William  Libbry,  Sc.  D.,  Princeton,  N.  J.;  Professor  of  Physical  Geography  in 
Princeton  University.    August,  1899. 
y^  Waldbmar  Lindgrbn,  U.  S.  Geological  Survey,  Washington,  D.  C.     August,  1890. 
^y  Robert  U.  Louohridgk,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Agricultural 
Chemistry  in  University  of  California.    May,  1889. 
Albert  P.  Low,  B.  S.,  Geological  Survey  OlKce,  Ottawa,  Canada;  Geologist  on 

Canadian  Geological  Survey.    August,  1892. 
Thomas  H.  Macbridb,  Iowa  City,  Iowa ;  Professor  of  Botany  in  the  State  Univer- 
sity of  Iowa.     May,  1889. 
/Henry  McCallky,  A.  M.,  C.  E.,  University,  Tuscaloosa  county,  Ala.;  AasisUint 
on  Geological  Survey  of  Alabama.     May,  1889. 
Richard  G.  McConnell,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geol- 
ogist on  Geological  and  Natural  History' Survey  of  Canada.     May,  1889. 
James  Ribman  Macfarlanb,  A.  H.,  100  Diamond  St.,  Pittsburg,  Pa.    August,  1891. 
*W  J  McGeb,  Washington,  D.  C;  Bureau  of  North  American  Ethnology. 
William  McInnbs,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologii^t, 

Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
Peter  McKbllar,  Fort  William,  Ontario,  Canada.     Augtist,  1890. 
XCyrus  F.  Makbut,  a.  M.,  State  Univeraity,  Columbia,  Mo.;  Instructor  in  Geology 

and  .Assistant  on  Missouri  Geological  Survey.     August,  1897. 
y  Vernon  F.  Masters,  A.  M.,  Bloomington,  lud.;  Professor  of  Geology  in  Indiana 
State  University.     August,  1892. 
Edward  B.  Mathews,  Ph.  D.,  Baltimore,  Md. ;  Instructor  in  Petrography  in  Johns 
Hopkins  University.     August,  1895. 
X  P.  H.  Mbll,  M.  E.,  Ph.  D.,  Auburn,  Ala. ;  Professor  of  Geology  and  Natural  History 
in  the  State  Polytechnic  Institute.     December,  1888. 
John  C.  Merriam,  Ph.  D.,  Berkeley,  Cal. ;  Instructor  in  Paleontology  in  University 
of  California.     August,  1895. 
/'*  Frederick  J.  H.  Merrill,  Ph.  D.,  State  Museum,  Albany,  N.  Y. ;  Assistant  State 
Geologist  and  Assistant  Director  of  State  Museum. 
/George  P.  Mkrrill,  M.  S.,  U.  S.  National  Museum,  Washington,  D.  C. ;  Curator 
of  Department  of  Lithology  and  Physical  Geology.     December,  1888. 
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^  Abtthur  M.  Miller,  A.  M.,  Lexing^n,  Ky. ;  Professor  of  Geology,  State  Univer- 
sity of  Kentucky.     December,  1897. 
4  Jambs  B.  Mills,  K.  S.,  Quincy,  Plamas  Co.,  Gal.     December,  1888. 

Thomas  F.  Mobbs,  M.  D.,  Worcester  Lane,  Waltham,  Mass.    May,  1889. 
^*  Frank  L.  Nason,  A.  B.,  West  Haven,  Conn. 

«^*PETEtt  Nefp,  a.  M.,  361  Russell  Ave.,  Cleveland,  Ohio ;  Librarian,  Western  Re- 
serve Historical  Society. 
/  Frederick  H.  Newell,  B.  S.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    May,  1889. 
William  H.  Nileb,  Ph.  B.,  M.  A.,  Cambridge,  Mass.    August,  1891. 
^  WiLUAM  H.  NoRTOK,  M.  A.,  Mt.  Vernon,  Iowa;  Professor  of  Geology  in  Cornell 
College.    December,  1895. 
XCharleb  J.  Norwood,  Frankfort,  Ky. ;  Mining  Engineer.    August,  1894. 
y  EzEQUfEL  Ordonez,  Esquela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico  ;  Geologist 
del  Institnto  Geologico  de  Mexico.     August,  1896. 

*  Amos  O.  Osborn,  Waterville,  Oneida  Co.,  N.  Y. 

Henry  F.  Osborn,  Sc.  D.,  Columbia  University,  New  York  city ;  Professor  of  Zool- 
ogy, Columbia  University.    August,  1897. 
Charles  Palache,  B.  S.,  University  Museum,  Cambridge,  Mass. ;  Instructor  in 

Mineralogy,  Harvard  University.     August,  1894. 
♦Horace  B.  Patton,  Ph.  D.,  Golden,  Colo.;  Professor  of  Geology  and  Mineralogy 
in  Colorado  School  of  Mines. 
/  Richard  A.  F.  Penrose,  Jr.,  Ph.  D.,  1331  Spruce  St.,  Philadelphia,  Pa.    May,  1889. 

Joseph  H.  PEitsY,  176  Highland  St,  Worcester,  Mass.    December,  1888. 
^  *  William  H.  PsTrBE,  A.  M.,  Ann  Arbor,  Mich. ;  Professor  of  Mineralogy,  Eco- 
nomical Greology,  and  Mining  Engineering  in  Michigan  University. 
/f  Louis  V.  Pirsson,  Ph.  D.,  New  Haven,  Conn. ;  Assistant  Professor  of  Inorganic 
Geology,  Sheffield  Scientific  School.     August,  1894. 

*  Franklin  Plait,  1617  Chestnut  St.,  Philadelphia,  Pa. 

/  ♦Juuus  PoHLMAN,  M.  D.,  UnivcTsity  of  Bufifalo,  Buffalo,  N.  Y. 
X^  John  Bonsall  Porter,  E.  M.,  Ph.  D.,  Montreal,  Canada;  Professor  of  Mining, 
McGill  University.    December,  1896. 
♦John  W.  Powell,  Bureau  of  Ethnology,  Washington,  D.  C. 
\  Joseph  Htdb  Pratt,  .Ph.  D.,  Chapel  Hill,  N.  C. ;  Assistant  Geologist,  North  Caro- 
lina Geological  Survey.    December,  1898. 
y'* Charles  S.  Prossbr,  M.  S.,  Columbus,  Ohio;  Associate  Professor  of  Historical 

Geology  in  Ohio  State  University. 
/*  Raphael  Ppmpelly,  U.  S.  Geological  Survey,  Dublin,  N.  H. 
v  Edmund  C.  Querbau,  Ph.  D.,  Aurora,  111. ;  Professor  of  Greology,  Syracuse  Uni- 

versity.    August,  1897. 
y  Fjubdbrick  Leslie  Ransome,  Ph.  D.,  Washington,   D.  C. ;    Assistant  Geologist, 
U.  S.  Geological  Survey.    August,  1895. 
Harry  Fielding  Reid,  Ph.  D.,  Johns  Hopkins  Univ.,  Baltimore,  Md.    Dec.,  1892. 
William  North  Rice,  A.  M.,  Ph.  D.,  LL.  D.,  Middletown,  Conn.;  Professor  of 
Geology  in  Wesleyan  University.     August,  1890. 
.  Hbinrich  Ribs,  A.  M.,  Ph.  D.,  Cornell  University,  Ithaca,  N.  Y.;  Instructor  in 

Economic  Geology.     December,  1893. 
^Charles  W.  Rolfe,  M.  S,,  601  John  St.,  Champaign,  111.  ;  Professor  of  Geology  in 
University  of  Illinois.     May,  1889. 
.* Israel  C.  Russbll,  LL.  D.,  Ann  Arbor,  Mich.;  Professor  of  Geology  in  Univer- 
sity of  Michigan. 


512         PROCEEDINGS  OP  THE  NEW  YORK  MEETING 

^  *  Jambs  M.  Safpord,  M.  D.,  LL.  D.,  Naahville,  Tenn. ;  State  Geologist;  Profesor 
in  Vanderbilt  University. 
Orkbtbs  H.  St.  Johk,  Raton,  N.  Mex.     May,  1889.- 
^    *  RoLLiN  D.  Salwbury,  a.  M.,  Ciiicago,  111. ;  Professor  of  General  and  Geographic 
""  Geology  in  University  of  Chicago. 

Frrderick  W.  Sardbson,  L.  B.,  M.  8.,  Ph.  D.,  Instructor  in  Paleontology,  Uni- 
versity of  Minnesota,  Minneapolis,  Minn.    December,  1S92. 
♦Charles  Schaepfer,  M.  D.,  1309  Arch  St.,  Philadelphia,  Pa. 
Charles  Schuchert,  Washington,  D.  C. ;  Assistant  Curator  in  Paleontology,  U.  S. 

National  Museum.     August,  1895. 
William  B.  Scott,  M.  A.,  Ph.  D.,  58  Bayard  Ave.,  Princeton,  N.  J, ;  Blair  Pro- 
fessor of  Geology  in  College  of  New  Jersey.    August,  1892. 
X  Henrt  M.  Seely,  M.  D.,  Middlebury,  Vt ;  Professor  of  Geology  in  Middlebnry 

College.     May,  1889. 
/♦Nathaniel  S.  Shaler,  LL.   D.,  Cambridge,  Mass.;.  Professor  of  Geology  in 
*"  Harvartl  University. 

George  Burbank  Shattuck,  Ph.  D.,  Baltimore,  Md.  ;    Associate  Professor  in 
Physiographic  Geology,  Johns  Hopkins  University.     August,  1899. 
>^WiLL  H.  Sherzbr,  M.S.,  Ypsilanti,  Mich.;  Professor* in  State  Normal  School. 

December,  1890. 
y* Frederick  W.  Simonds,  Ph.  D.,  Austin,  Texas;  Professor  of  Creology  in  Univer- 
sity of  Texas. 
^♦Eugene  A.  Smfth,  Ph.  D.,  University,  Tuscaloosa  Co.  ^  Ala.;  State  Geologist  and 

Professor  of  Chemistry  and  Geology  in  University  of  Alabama. 
^Frank^Clembb  Smith,  B.  S.,  Deadwood,  S.  Dak.;  Mining  Engineer.     Dec.,  1898. 
George  Otis  Smith,  Ph.  D.  .Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geolog- 
ical Survey.    August,  1897. 
y*  John  C.  Smock,  Ph.  D.,  Trenton,  N.  J.  ;  State  Geologist. 
V  Charles  H.  Smyth,  Jr.,  Ph.  D.,  Clinton,  N.  Y. ;  Professor  of  Geology  in  Hamilton 

College.     August,  1892. 
X  Henry  L.  Smyth,  A.  B.,  Cambridge,   Mass. ;  Instructor  in  Mining  Geology  in 
Harvard  University.     August,  1894. 
Arthur  Coe  Spencer,  B.  S.,  Ph.  D.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S. 
Geological  Survey.     December,  1896. 
X  *  J.  W.  Spenckr.  a.  M..  Ph.  D.,  152  Bloor  St  East,  Toronto,  Canada, 
./  JosiAH  E.  Spurr,  a.  B.,  a.  M.,  U.  S.  Geol.  Survey,  Washington,  D.  C.    Dec,  1894. 
Joseph  Stanley-Brown,  1318  Massachusetts  Ave.,  Washington,  D.  C.   August,  18^2. 
Timothy  William  Stanton,  B.  S.,  U.  S.  National  Museum,  Washington,  D.  C. ; 
Assistant  Paleontologist,  U.  S.  Geological  Survey.     August,  1891. 
• '  *  John  J.  Stevenson,  Ph.  D.,  LL.  D.,  New  York  University ;  Professor  of  Geology 

in  the  New  York  University. 
■,  Joseph  A.  Takf,  B.  S.,  Washington,  D.  C;  Assistant  Geologist,' U.  S.  Geological 

Survey.     August,  1895. 
.,  Jambs  E.  Talmage,  Ph.  D..SAlt  Lake  City,  Utah ;  Professor  of  Geology  in  Univer- 
sity of  Utah.    December,  1897. 
V  Ralph  S.  Tarr,  Cornell  University,  Ithaca,  N.  Y.;  Professor  of  Dynamic  Geolojry 
and  Physical  Geography.     August,  1890. 
Frank  B.  Taylor,  Fort  Wayne,  Ind.     December,  1895. 
^'JViLLiAM  G.  Tight,  M.  S.,  Granville,  Ohio;  Professor  of  Geology  and  Biology, 
Denison  University.     August,  1897. 
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;^*  Jabiis  E.  Todd,  A.  M.,  Vermilion,  S.  Dak.;  Professor  of  Geology  and  Mineralogy 

in  University  of  Sonth  Dakota. 
•/  *  Hrnry  W.  Turner,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

JoBBPH  B.  Tykrbll,  M.  a.,  B.  Sc.,  Geological  Survey  Office,  Ottawa,  Canada ; 
Geologist  on  the  Canadian  Geological  Survey.     May,  1889. 
^  JoHAN  A.  Udden,  a.  M.,  Rock  Island,  111.;  Professor  of  Geology  and  Natural  His- 
tory in  Augustana  College.     August,  1897. 
*  Warren  Upham,  A.  M.,  Librarian  Minnesota  Historical  Society,  St.  Paul,  Minn. 
y^  *  Charles  R.  Van  Hise,  M.  S.,  Madison,  Wis.;  Professor  of  Mineralogy  and  Pe- 
trography in  Wisconsin  University ;  Geologist,  U.  8.  Geological  Survey. 
X,  Frank  Robertson  Van  Horn,  Ph.  D.,  Cleveland,  Ohio;  Instructor  in  Geology 
and  Mineralogy,  Case  School  of  Applied  Science.     December,  1898. 
Thomas  Watland  Vadohan,  B.  S.,  A.  B.,  A.  M.,  Washington,  D.  C;  Assistant 

Geologist,  U.  S.  Geological  Survey.    August,  1896. 
♦Anthony  W.  Vogdes,  Fort  Wadsworth,  Staten  Island,  N.  Y.;  Captain  Fifth 
Artillery,  U.  S.  Army. 
K^  Marshman  E.  Wadsworth,  Ph.  D.,  Box  296,  Chicago,  III. 
/*  Charles  D.  Walcott,  U.  S.  National  Museum,  Washington,  D,  C;  Director  U.  8. 
Geological  Survey. 
Henry  Stephens  Washington,  B.  A.,  M.  A.,  Ph.  D.,  Locust,  Monmouth  Co.,  N.  J. 

August,  1896. 
Walter  H.  Weed,  M.  E.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 
Lewis  G.  WEerroATE,  Ph.  D.,'805  Sherman  Ave.,  Evanston,  111.    August,  1894. 
Thomas  C.  Weston,  Ottawa,  Canada.     August,  1893. 

David  White,  U.  S.  National  Museum,  Washington,  D.  C;  Assistant  Paleontologist, 
U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 
/•♦Israel  C.  White,  Ph.  D.,  Morgantown,  W.  Va. 

Theodore  Greely  White,  Ph.  B.,  A.  M.,  New  York  city;  Assistant  in  Physics, 

Columbia  University.    December,  1898. 
♦  Robert  P.  Whitfield,  Ph.  D.,  American  Museum  of  Natural  History,  78th  St. 
and  Eighth  Ave.,  New  York  city ;  Curator  of  Geology  and  Paleontology, 
-j^^* Edward  H.  Williams,  Jr.,  A.>C.,  E.  M.,  117  Church  St.,  Bethlehem,  Pa.;  Pro- 
fessor of  Mining  Engineering  and  Geology  in  Lehigh  University. 
Y  *  Henry  S.  Williams,  Ph.  D.,  New  Haven,  Conn.;  Professor  of  Geology  and  Pale- 
ontology in  Yale  University. 
/Bailey  Willis,  U.  8.  Geological  Survey,  Washington,  D.  C.     December,  1889. 
y  Samuel  Wendell  Williston,  Ph.  D.,  M.  D.,  Lawrence,  Kan.;  Professor  of  His- 
torical Geology,  University  of  Kansas.     December,  1898. 
^  Horace  Vaughn  Winchell,  Butte,  Montana;  Geologist  of  the  Anaconda  Copper 

Mining  Company. 
./* Newton  H.  Winchell,  A.  M.,  Minneapolis,  Minn.;  State  Geologist;  Professor 

in  University  of  Minnesota. 
/*  Arthur  WiNSLOW,  B.  S.,  care  of  Missouri,  Kansas  and  Texas  Trust  Company, 
Kansas  City,  Mo. 
John  E.  Wolff,  Ph.  D.,  Harvard  University,  Cambridge,  Mass. ;  Professor  of 
Petrography  and  Mineralogy  in  Harvard  University  and  Curator  of  the  Min- 
eralogical  Museum.    December,  1889. 
Robert  Simpson  Woodward,  C.  E.,  Columbia  College,  New  York  city ;  Professor 
of  Mechanics  in  Columbia  College.    May,  1889. 

LXXII—BULL.  Gkol.  8oc.  Am.,  Voi^  10,  1898 
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y  Jay  B.  WooDWORTif,  B.  8.,  27  Dana  8t.,  Cambrid^,  Mass;  Instructor  in  Hairard 

University.     December,  1895. 
y  Albkrt  a.  Wright,  A.  M.,  Ph.  D.,  Oberlin,  Ohio;   Professor  of  Geology  in  Oberiin 

College.     August,  1893. 
*G.  Frbdbrick  Wright,  D.  I).,  Oberiin,  Ohio;   Professor  in  Oberiin  Theological 

Seminary, 
y  William  S.  Ybatks,  A.  B.,  A.  M.,  Atlanta,  Ga. ;  State  Geologist  of  Ga.    Ang.,  1891. 

FELLOWS  DECEASED 

*  Indicates  Original  Fellow  (see  article  III  of  Constitution) 

^Charlbs  a.  Ashburnkr,  M.  S.,  C.  E.    Died  December  24, 1889. 
Amos  Bowman.    Died  June  18,  1894. 

*  J.  H.  Chapin,  Ph.  D.    Died  March  14,  1892. 

Gborgb  H.  Gook,  Ph.  D.,  LL.  D.    Died  September  22,  1889. 

*  Edward  D.  Ck)PE,  Ph.  D.     Died  April  12,  1897. 
Antonio  dbl  Castillo.     Died  October  28,  1895. 

*  Jambb  D.  Dana,  LL.  D.     Died  April  14,  1895. 

Sir  J.  William  Dawson,  LL.  D.    Died  November  19,  1899. 

*  -A  LBKRT  E.  FooTB.    Died  October  10,  1895. 
N.  J.  GiRoux,  C.  E.    Died  November  30,  1896. 

*  Jambs  Hall,  LL.  D.    Died  August  7,  1898. 

*  Robert  Hay.    Died  December  14,  1895, 

David  Honbyman,  D.  C.  L.    Died  October  17,  1889. 

Thomas  Stbrry  Hunt,  D.  Sc.,  LL.  D.    Died  February  12, 1892. 

♦Joseph  F.  Jambs,  M.  S.    Died  March  29,  1897.  * 

Oliver  Marcy,  LL.  D.    Died  March  19,  1899. 

Othniel  C.  Marsh,  Ph.  D.,  LL.  D.    Died  March  18,  1899. 

*  Henry  B.  Nason,  M.  D.,  Ph.  D.,  LL.  D.    Died  January  17,  1895. 
♦John  S.  Nbwbbrry,  M.  D.,  LL.  D.    Died  December  7,  1892. 

*  Edward  Orton,  Ph.  D.,  LL.  D.    Died  October  16,  1899. 

*  KicHARD  OwBN,  LL.  D.     Died  March  24,  1890. 
Charles  Wachsmuth.     Died  February  7,  1896. 
♦Gbowgb  H.  Williams,  Ph.  D.    Died  July  12,  1894. 

*J.  Francis  Williams,  Ph.  D.     Died  November  9,  1891. 
♦Alexander  Winchbll,  LL.  D.     Died  February  19,  1891. 

Original  Fellows 78 

Elected  Fellows 161 

Membership 239 

Deceased  Fellows 25 


ACCESSIONS  TO  LIBRARY  FROM  MARCH,  1898,  TO  MARCH,  1899 

By  H.  p.  Cushino,  Librarian 
Contents 

PajKe 

{A  )  From  societies  and  institations  reoeiving  the  Balletin  as  donation  (*' Exchanges'*) 5t6 

(a)  America! 616 

(6)  Europe 617 

(c)  Asia 621 

id)  Ai^stralasia * 621 

(«)  Africa. 622 

(/)  Hawaiian  islands 622 

{B)  From  state  geological  surveys  and  mining  bureaus 622 

(C)  From  scientific  societies  and  institutions 623 

(rt)  America.. 523 

(6)  Europe 523 

(«)  Asia 523 

(d)  Australasia 623 

(Z»  From  Fellows  of  the  Geological  Society  of  America  (personal  publications) 524 

( JJ)  From  miscellaneous  sources 626 


{A)  Fbom  Sogibtibs  and  Institotions  bkceiving  thk  Bulletin  as  Donation 

(**  EXCHANGBS") 

(a)  AMERICA 
NEW  YORK  STATE  MUSEUM,  *  ALBANY 

1500.  Annual  Report,  no.  50,  part  1,  1806. 

BOSTON  SOCIETY  OF  NATURAL  HISTORY,  BOSTON 

1267.  Proceedings,  vol.  xxviii,  parts  7-14. 

MUSEO  NACIONAL  DE  BUENOS  AIRES.  BUENOS  AIRF^ 

1539.  Comunicaciones,  tomo  i,  niiin.  i,  1898. 

CHICAGO  ACADEMY  OF  SCIENCES,  CHICAGO 

FIELD  COLUMBIAN  MUSEUM.  CHICAGO 

1030.  Pablications  26,  27,  Zoological  Series,  vol.  i,  nos.  9,  10,  1898. 

1031.  "  29,  Report  Series,  vol.  i,  no.  4,  1898. 

CINCINNATI  SOCIETY  OF  NATURAL  HISTORY.  CINCINNATI 

1034.  Journal,  vol.  xix,  no.  4,  1898. 

COLORADO  SCIENTIFIC  SOCIETY.  DENVER 

1482.  Proceedings,  vol.  v,  1894-'96. 
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NOVA  SCOTIAN  INSTITUTE  OF  SCIENCE, 


MUSEO  DE  LA  PLATA. 


HALIFAX 


LA  PLATA 


1477.  Revista.  tomo  ix,  pp.  1-79,  1898. 

1484.  Annales,  Anthropologie,  ii ;    Notes  Ethnographiques  sar  lea  Indiens 

Guyaqais,  etcetera,  1898. 

1485.  Reconnaissance  de  la  Region  Andine,  1. 
1512.  Revista,  tomo  viii,  1898,  royal  8vo. 


INSTITUTO  GEOLOGICO  DE  MEXICO, 

1563.  Boletin,  ndm.  10,  Bibliografia,  etcetera,  1898. 

NATURAL  HISTORY  SOCIETY. 
AMERICAN  GEOGRAPHICAL  SOCIETY. 

1445.  Balletin,  vol.  xxx,  nos.  1-5, 1898. 

AMERICAN  MUSEUM  OF  NATURAL  HISTORY. 

1486.  Annual  Report  of  the  President,  etcetera,  1897,  pp.  1-123. 
1507.  Bulletin,  vol.  xi,  part  i,  1898. 

1564.  *'  *'    X,  1898,  pp.  1-478,  pis.  1-24. 


MEXICO 


MONTREAL 
NEW  YORK 


NEW  YORK 


NEW  YORK  ACADEMY  OF  SCIENCES, 

1491.  Annals,  vol.  xi,  parts  1,  2,  1898. 
1498.  Transactions,  vol.  xvi,  1896-*97. 
1578.  Annals,  vol.  x,  1898. 

GEOLOGICAL  SURVEY  OF  CANADA, 


NEW  YORK 


OTTAWA 


1447-1449.  Annual  Reports  (new  series),  vols,  vi-viii,  1893-*95,  with  maps. 
1523.  Annual  Report  (new  series),  vol.  ix,  1896. 


ROYAL  SOCIETY  OF  CANADA, 

1524-1526.  Proceedings,  second  series,  vols,  i-iii,  1895-97. 

ACADEMY  OF  NATURAL  HCIENCFA 


OTTAWA 


PHILADELPHIA 


1279.  Proceedings,  vol.  1897,  part  iii. 
1461.     **      **  1898,  parts  i-iii. 


AMERICAN  PHILOSOPHICAL  SOCIETY, 


PHILADELPHIA 


1280.  Proceedings,  vol.  xxxvi,  no.  156. 
1495.  "  "    xxxvii,  no.  157. 


MUSEO  NACIONAL  DO  RIO  DE  JANEIRO, 


RIO  DE  JANEIRO 


CALIFORNIA  ACADEMY  OF  SCIENCES,  SAN  FRANCl^JCU 

1282.  Proceedings,  third  series,  Geology,  vol.  i,  no.  4,  1898. 


ACCESSIONS   TO   LIBRARY 

GEOLOGICAL  SURVEY  OP  NEWPOONDLAND. 
ACADEMY  OF  SCIENCE, 


1053.  Transactions,  vol.  vii,  nos.  18-20. 
1454.  **  "    viii,  noe.  1-6. 


COMMISSAO  GEOGRAPHICA  E  GEOLOGICO, 
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ST  JOHNS 


ST  LOUIS 


SAO  PAULO 


NATIONAL  GEOGRAPHIC  SOCIETY, 


1057.  National  Geographic  Magazine,  vol.  viii,  no.  1^,  1897. 
1457.        "  "  •*  "     ix,  nos.  1-12, 1898. 


WASHINGTON 


LIBRARY  OF  CONGRESS, 

SMITHSONIAN  INSTITUTION, 

UNITED  STATES  GEOLOGICAL  SURVEY, 

1462-1463.  Eighteenth  Annual  Report,  part  v,  2  vols.,  1896-*97. 
1528-1534.  Bulletins,  nos.  150-156, 1898. 
1574-1576.         "  •*    88,  89,  and  149,  1898. 

1577.  Monograph  no.  xxx,  1898. 

UNITED  STATES  NATIONAL  MUSEUM, 

1649.  Descriptions  of  the  species  of  Cycadeoidea,  etcetera. 


WASHINGTON 
WASHINGTON 
WASHINGTON 


WASHINGTON 


(6)  EUROPE 


DEUTSCHE  GEOLOGISCHE  GESELLSCHAFT, 


1326.  Zeitschrift,  band  xlix,  helft  iii-iv,  1897. 
1509.  •*  *•     1,  heft  i-ii,  1898. 


BERLIN 


KONIGLICH  PREUSSISCHEN  GEOLOGISCHEN  LANDESAN- 
STALT  UND  BERGAKADEMIE. 

GEOGRAPHISCHEN  GESELLSCHAFT, 

R.  ACCADEMIA  DELLE  SCIENZE  DELL'  IN8TITUT0  DI 
BOLOGNA, 

1502.  Memorie,  serie  v,  tomo  vi,  1897,  4to. 


BERLIN 


BERNE 


BOLOGNA 


ACADEMIB  ROYALE  DES  SCIENCES, 

SOCIETE  BELGE  DE  GfeOLOGIE,  DE  PALfeONTOLOGIE 
ET  D'HYDROLOGIE, 


1331.  Bulletin,  tome  x,  fasc.  2-3,  1896. 
1444.         "  "     xi,  fesc.  1-3,  1897. 


BRUSSELS 


BRUSSELS 
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BIUROULI  QEOLOOICA,  BUGHARKST 

1435.  Harta  Geologica  generala  a  Romaniei,  sheets  xliT-xlvii. 
1584.  Anaanilti,  Mus.  de  geoL  si  de  Fftleon.,  1895,  227  pp.,  5  pi. 

MAGYARHONI  FOLDTANI  TAR8ULAT,  BUDAPEST 

1333.  Foldtani  Kbz\'6ny,  zxvii  Kotet,  11-12  Foset,  18^. 

1503.  "  **  xxviii  Kotet,  1-9  Fuset.  1898. 

n0r6e8  geologi8ke  undersogelse,  christiana 

acad£:mie  rotalb  des  sciences  et  des  lettres 

DE  DANEMARK,  COPENHAGEN 

1334.  Oversigt  i  Aaret,  1897,  nr.  6. 
1483.        "        "     **       1898,  nr.  1-5. 

NATURWISSENSCHAFTLICHEN  6E8ELLSCHAFT  ISIS,  DRESDEN 

1335.  Sitzangsberichte  und  Abhandlungen,  Jahi^.  1897,  Jul.-Dec 
1527.  "  "  "  *'       1898,  Jan.-Jun. 

ROYAL  SOCIETY  OF  EDINBURGH,  *  EDINBURGH 

1124.  Transactions,  vol.  xxxviii,  parts  3-4,  1894-'95,  4to. 
1489.  "  "    xxxix,  parti,  1896-W,4to. 

1400.  Proceedings,  vol.  xxi,  1895-*97,  8vo. 

NATURFORSCHENDEN  GESELLSCHAFT,  ^         FREIBURG,  I.  B. 

1504.  Berichte,  band  x,  heft  1-3,  1898. 

GEOLOGICAL  SOCIETY  OF  GLASGOW,  GLASGOW 

PETERMANN'S  GEOGRAPHISCHE  MITTHEILUNGEN.  GOTHA 

K8L.  LEOP.  CAROL.  DEUT8CHBN  AKADEMIE  DER 

NATURFORSCHER,  HALLE 

1451.  Nova  Acta,  band  Ixviii,  1897,  680  pp.,  25  pi. 

1452.  "        "         *'     Ixix,  1898,  419  pp.,  29  pi. 

1453.  Leopoldiua,  heft  xxxiii,  1897. 

GEOLOGISKA  UNDERSOKNING,  HEL8INGFORS 

1126.  Beskrifning  till  kartbladet,  nos.  32^3,  1896-'98,  2  maps. 
1516.  Bulletin  no.  7,  1898. 

SOCIETY  GfiOGRAPHIE  DE  FINLANDE,  .  HELSINGFORS 

SOClfeTE  Gi:OLOGIQUE  SUISSE,  LAUSANNE 

GEOLOGISCH  REICH8-MU8EUM.  LEIDEN 

1585.  Beitrage  zur  Geologic  Ost-Asiens  und  Australiens,  band  v,  heft  v,  1898. 
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KONIGLICH-SACHS18CHE  GESELL8CHAFT  DER 

WISSENSCHAFTEN,  LEIPSIC 

1340.  Abhaiidl tinmen  der  Matliematische-Pliysische  Clafise,  band  zziv,  nos. 

2-6. 
1339.  Berichte  uber  die  Verhaiidlungen,  Mathem.-Phys.  Classe,  1897,  heft  iv. 
1505.  Berichte  Qber  die  Yerhandlungen  der  Math.-Phys.  Clasae,  band  1,  heft 

i-v,  1898. 
1131.  Berichte  uber  die  Verhandlangen  der  Math.-Phys.  Claese,  1896,  heft  iv. 

SOCIETE  GEOLOGIQUE  DE  BELGIQUE,  lEGEL 

891.  Annales,  tome  xxii,  livr.  3,  1894-'97. 
1134.         **  *•      xxiii,  livr.  3,  1895-'97. 

1342.        "  "      xxiv,  livr.  2,  1897. 

1501.        "  "      XXV,  livr.  1,  1898. 

• 

QOCltTt  GEOLOGIQUE  DU  NORD.  LILLE 

1487.  Annales,  xxvi,  1897. 

COMMISSAO  DOS  TRABALHOS  OEOLOGICOS  DE  PORTUGAL,        LISBON 
BRITISH  MUSEUM  (NATURAL  HISTORY),  LONDON 

GEOLOGICAL  SOCIETY,  LONDON 

945.  Quarterly  Journal,  vol.  Hi,  part  iv,  no.  208,  1896. 

1458.  ••  "  '"    liv,  parts  i-iv,  nos.  213-216,  1898. 

1459.  Geolofiiical  Literature  4,  literature  added  during  1897. 

1350.  List  of  the  Geological  Society  of  London,  November  1,  1898. 

GEOLOGICAL  SURVEY.  LONDON 

GEOLOGISTS'  ASSOCIATION,  LONDON 

1351.  Proceedings,  vol.  xv,  parts  6-10,  1897-*98. 

1460.  List  of  members,  Kebruarv,  1898. 

COMISION  DEL  MAPA  GEOLOGICA  DE  ESPANA,  MADRID 

1513.  Memorias;  tomo  ii,  1896,  Sistemas  Cambriano  y  Siluriano. 

1514.  **  *'     iii,  1896,  Sistemas  Devoniano  y  Carbonifero. 
1582.  Boletin,  tomo  iv,  segunda  serie,  1897. 

SOCIETA  ITALIANA  DI  SCIENZE  NATURALI,  MILAN 

1353.  Atti,  vol.  xxxvii,  fesc.  2-4,  1897-'98. 

1354.  Memorie,  tomo  vi,  iasc.  2,  1898. 

SOClETi:  IMPijRIALE  DES  NATURALISTES  DE  MOSCOU.  MOSCOW 

1355.  Bulletin,  Ann^  1897,  nos.  2-4. 
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K.  BAYERI8CHE  AKADEMIE  DER  WI88EN8CHAFTEN, 


Mrsicn 


1437.  Sitzungsberichte  der  mathematisch-physikaliflchen  Classe,  1897,  heft  3- 

1571.  Sitzungsberichte  der mathematisch-physikalischen  Classe,  1H(^,  heft  1  -3. 

1572.  Ueber   Studiuiii  und  Aufiaasung   der  Anpaaaangserscheinungen   l)et 

Pfianzen,  von  Karl  Goebel. 

1573.  Gedachtnissrede  aaf  Philipp  Ladwig  von  Seidel,  von  Ferdinand  Linde- 

mann. 


RADCLIFFE  LIBRARY,  OXFORD  UNIVERSITY  MUSEUM, 


OXFORD 


ANNALE8  DES  MINES, 


950.  Annales,  tome  ix,  livr.  5,  1896. 
1357.        "  "     xii,  livr.  12,  1897. 

1455.        *•  **      xiii,  livr.  1-6,  1898. 

1506.        "  "     xiv,  livr.  7-11,  1898. 


SOClfeTfe  GfeOLOGIQUE  DE  FRANCE. 


1164.  Bulletin,  3d  S^rie,  tome  xziv,  no.  3, 1896. 
1368.        "  •*  •*    XXV,  no8.  8-9,  1897. 

1488.        "  *•  "    xxvi,  noe.  1-4,  1898. 


REALE  COMITATO  GEOLOOICO  D'lTALIA, 


1439.  Bolletino,  vol.  xxviii,  1897,  noa.  3-4. 
1497.         "  *'    xxix,  1898,  nos.  1-2. 


PARIS 


PARIS 


ROME 


SOCIETA  GBOLOGICA  ITALIANA, 


1167.  Bolletino,  vol.  xv,  fesc.  iv-v,  1896. 
1515.         "  "    xvi,  fasc.  i-ii,  1897. 


ACADfeMIE  IMPfcRIALE  DES  SCIENCES, 


1361.  Bulletin,  v*  S^rie,  tome  vii.  nos.  2-5,  1897. 

1535.  "     "      "  viii,  noe.  J-5,  1898. 

1536.  "     **      "  ix,  no.  1,  1898. 


COMITft  QEOLOGIQUE  DE  LA  RUS8IE, 


1363.  Bulletin,  vol.  xvi,  nos.  3-9,  1897. 

1537.  •*  "    xvii,  nos.  1-3,  1898. 

1538.  **  '*    xvi,  supplement,  Bibliotheque,  1897. 


RUSSICH-KAISERLICHEN  MINERALOGISCHEN 
GESELL8CHAFT. 


ROME 


ST  PETERSBURG 


ST  PETERSBURG 


ST  PETERSBURG 


1365.  Verhandlungen,  Zweite  Serie,  band  xxxiv,  lief,  ii,  1896. 

1492.  '•  .    «  .<         a     XXXV,  lief,  i,  1897. 

1493.  Materialen  zur  Geolo^ie  Russlands,  band  xviii,  1897. 

1491.  Systematisches  Sach-und  Namen-Register  zu  der  zweiten  Serie  der  Ver- 
handlun^en,  etc.,  1897. 
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GEOLOftlSKA  BYRAN,  STOCKHOLM 

I4t>4-1476.  Sverigea  Geologiska  Undersokning,  Ser.  C,  nos.  KH,  HW-171,  173-175. 


GEOLOCilSKA  FORENINGKNS, 

1446.  Forhandlingar,  band  xx.  hafle  1-6,  noa.  183-189,  1898. 

NEUE8  JAHRBUCH  FUR  MINERALOGIE,  GfeOLO(HE 
UND  PALEONTOLOGIE, 


1450.  Jahrgang,  1898,  band  i,  heft  1-3. 
1510.  **         1898,  band  ii,  heft  1-3. 


KAISERLICH-KONIGLICHEN  GEOLOGISOHEN 
REICHSANSTALT, 


1368.  Jahrbuch,  band  xlvii,  heft  3,  4,  1897. 
1508.  "  **      xlviii,  heft  1,  2,  1898. 


KAISERLICH-KONIGLICHEN  NATURHISTORISCHEN 
HOFMUSEUMS, 

1440.  Annalen,  band  xii,  nos.  2-4,  1897. 

DIE  BIBLIOTHEK  DES  EIDG.  POLYTECHNICUMS. 


STOCK  HOIiM 


.STUTTGART 


VIENNA 


VIENNA 


ZURICH 


(e)  ASIA 
GEOLOGICAL  SURVEY  OF  INDIA, 

1208.  Memoirs,  vol.  xxvii,  part  ii. 

1517.  General  Report  of  the  work  carried  on  in  1897 

IMPERIAL  GEOLOGICAL  SURVEY, 


CALCUTTA 


TOKYO 


(d)  AUSTRALASIA 
GEOLOGICAL  DEPARTMENT  OF  SOUTH  AUSTRALIA, 


ADELAIDE 


1466.  Report  on  Explorations  in  the  western  part  of  S.  A.,  1898. 
1480.  Record  of  the  Mines  of  S.  A.    The  Mannahill  gold  field,  1898. 
1496.        "  "  '*  *•         The  Balhannah  mine,  1898. 

1515.        "  "  **  "        The  Wad naminga  gold  field,  1898. 

1590.  Geological  map  of  the  northern  territory  of  S.  A.,  1898. 


GEOLOGICAL  SURVEY  OF  QUEENSLAND, 


BRISBANE 


1518-1519.  Department  of  Mines,  Bulletins  nos.  5  and  7. 

1376.  Two  reports  on  gold  fields,  etcetera,  with  maps,  1898. 
1579-1581.  Department  of  Mines,  Bulletins  nos.  8-10. 

1376.  On  the  Geology  of  the  country  round  Stanthorpe  and  Warwick,  South 

Queensland,  etcetera,  1898. 
1586.  The  Mesozoic  Coal  Measures  of  Stan  well  and  Associated  Formations, 
1898. 

LXXIII— Bui.1..  Groi..  Soc.  Am.,  Vol.  10,  1898 
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CANTERBURY  MUSEUM, 


CHRISTCHURrH 


DEPARTMENT  OF  MINES  OP  VICTORIA. 

1521.  Annual  Reix)rt  for  1897,  pp.  1-66,  4to. 

1522.  Geological  Survey  of  Victoria,  Progress  Report,  no.  ix. 

GEOLOGJCAL  DEPARTMENT  <5f  WESTERN  AUSTRALIA, 


MEKBOrRNK 


PERTH 


1481.  Reports  in  connection  with  the  Water  Supply  of  the  Gold  Fields,  189S. 

4to. 
149$).  Geological  Survey,  Bulletins  nos.  1,  2,  1898. 
1582.  Annual  Progress  Report  for  the  Year  1897. 
1588.  Geological  Map  of  Northampton. 


GEOLOGICAL  SURVEY  OF  NEW  SOUTH  WALES, 


SYDNEY 


1215.  Records,  vol.  v,  part  4,  1898. 

1478.  Mineral  Resources,  nos.  1-4,  1898. 

1520.  Annual  Report  for  1897,  pp.  1-215, 11  plates. 

1479.  Memoirs,  Paleontology  no.  6,  Paleozoic  Fossils  of  N.  S.  W.,  298  pp.. 

24  pi.,  4 to. 
1562.  Records,  vol.  vi,  part  1,  1898. 


ROYAL  SOCIETY  OF  NEW  SOUTH  WALES. 

1511.  Journal  and  Proceedings,  vol.  xjcxi,  1897. 


SYDNEY 


(c)  AFRICA 


(iEOLOGICAL  COMMISSION, 


CAPE  TOWN 


(/)  HAWAIIAN  ISLANDS 


HAWAIIAN  (GOVERNMENT  SURVEY, 


HONOLULU 


(B)  From  State  Geological  Surveys  and  Mining  Bureaus 


UNIVERSITY  GEOLOGICAL  SURVEY  OF  KANSAS, 

1565-1568.  R^>orts,  vols,  i-iii,  and  vol.  iv,  part  1. 
1569.  Mineral  Resources  of  Kansas,  1897. 

GEOLOGICAL  SURVEY  OF  NEW  JERSEY, 

1540.  Report  on  the  Clay  Deposits  of  New  Jersey,  1878. 

1541.-1554.  Annual  Rei>orts,  1884-1897,  inclusive. 

1555-1559.  Final  Reiwrts,  vols.  1-4,  vol.  ii  in  2  i>arts. 

1560-1561.  Paleontology  of  the  Cretaceous  and  Tertiary,  vols.  i-ii. 


LAWRENCE 


TRENTON 
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(C)  From  Scibntific  Socikties  and  Institutions 

(a)  AMERICA 
BUFFALO  SOCIETY  OF  NATURAL  SCIENCES, 


1594.  Bulletin,  vol.  v,  no.  5,  1897. 

1595.  "      ^    '*     vi,  no.  1,  1898. 


BUFFALO 


80CIEDAD  CIESTIFICA  "ANTONIO  ALZATE." 

1599.  Memoriae  y  re  vista,  tomo  xi,  nams.  9-12,  1898. 


MEXICO 


(6)  EUROPE 
NATURWISSENSCHAFTLICHEN  GESELLSCHAFT  ISIS  ZU  BAUTZEN 

1600.  Sitzungsberichte  und  Abhaudlungen,  l896-'97. 

8CHLE8I8CHE  GESELLSCHAFT  FUR  VATERLANDISCHE 

CULTUR,  BRESLAU 

1601.  Funfundsiebzigster  Jahres-Bericht,  1897. 

1602.  Litteratur  der  Landes-and  Volkskiinde  der  Provinz  Schlesien,  heft  6, 

1898. 


NATURF0R8CHER-VEREIN8  ZU  RIGA. 

1603.  Korrespondenzblatt,  xl,  1898. 

SECTION  GfeOLOGlQUE  DU  CABINET  DE  SA 
MAJE8TE, 


RIGA 


ST  PETERSBURG 


1247.  Travaux,  vol.  ii,  livr.  3,  1898. 
1604.         **  **    iii.  livr.  1,  1898. 

GEOLOGICAL  INSTITUTION  OF  THE  UNIVERSITY  OF 
UPSALA, 

936.  Bulletin,  vol.  iii,  part  2,  no.  6,  1897. 


UPSALA 


(e)  ASIA 
TOKYO  GEOGRAPHICAL  SOCIETY, 

1605.  Journal  of  Geography,  vol.  x,  nos.  109-117,  1898. 


TOKYO 


(d)  AUSTRALASIA 

« 

AUSTRALASIAN  INSTITUTE  OF  MINING  ENGINEERS 

1606.  Proceedings  Annual  Meeting,  January  14,   1898,  and  first  ordinary 
meeting,  1898. 
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(D)   Fkok  Fkllowb  of  thk  Geological  Socikty  or  America   (PsBst^xAL 

Publications) 

WHITMAN  CROSS 

1607.  All  Analcite  Basalt  from  Colorado. 

1608.  The  Geological  verms  The  Petroj^raphical  Classification  of  Igneous  Rockf^. 

1609.  Igneous  Rocks  of  the  1  incite  Hills  and  Pilot  Butte,  Wyoming. 

SIR  J.  WILLIAM  DAWSON 

1610.  On  the  Genus  Lephidophloios. 

H.  L.  PAIRCHILD 

1611.  Kettle  Holes  in  Glacial  Lake  Deltas. 

GEO.  p.  MERRILL 

1612.  Notes  on  the  Geology  and  Natural  History  of  the  Peninsula  of  Lower 

California. 

M.  EZEQUIEL  ORDOSEZ 

1638.  Note  sur  le  Gisements  d*Or  du  Mexique. 

1639.  Les  Volcans  Colima  et  Ceboruco. 

JOSEPH  H.  PERRY 

1613.  The  Physical  Geography  of  Worcester,  Massachusetts. 

HEINRICH  RIES 

1625.  The  Kaolins  and  Fire  Clays  of  Europe,  etcetera. 

M.  E.  WADSWORTH 

1614.  The  Fortieth  Parallel  Rocks. 

1615.  The  Theories  of  Ore  Deposits. 

1616.  On  the  Classification  of  Rocks. 

1617.  The  South  Trap  Range  of  the  Keweenawan  Series. 

1618.  On  the  Relation  of  the  Keweenawan  Series  to  the  Eastern  Sandstone  in 

the  Vicinity  of  Torch  Lake.  Michigan. 

1619.  A  Sketch  of  the  Geology  of  the  Marquette  and  Keweenawan  Districts. 

1620.  Some  Methods  of  Determining  the  Positive  or  Negative  Character  of 

Mineral  Plates  in  Converging  Polarized  Light,  etcetera. 

1621.  Twelve  pamphlets  on  various  subjects. 

HENRY  S.  WASHINGTON 

« 

1622.  Solvsbergite  and  Tinguaite  from  Essex  County,  Massachusetts. 

1623.  The  Jerome  (Kansas)  Meteorite. 

1624.  The  Petrographical  Province  of  Essex  County,  Massachusetts. 
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(li)  Frou  Misc  kllankous  Sources 

BOSTON  PUBLIC  LIBRARY.  BOSTON 

1626.  Forty-sixth  Annual  Report. 

COLORADO  COLLEGE  SCIENTIFIC  SOCIETY.  COLORADO  SPRINGS 

1627.  Colorado  College  Studies,  vol.  vii,  1898. 

UNIVERSITY  OF  TENNESSEE.  KNOXVILLE 

1596.  The  University  Scientific  Magazine,  no.  3,  October,  1897. 

1597.  University  of  Tennessee  Record,  Review  of  1897. 

1598.  "  "         "  "        Annoancemeute  for  1898-*99. 

BOARD  OF  IRRIGATION  SURVEY  AND  EXPERIMENT,  TOPEKA 

1570.  Report  for  1895-'96  to  the  Legislature  of  Kansas. 

MINING  BULLETIN.  STATE  COLLEGE 

1425.  Mining  Bulletin,  vol.  iv,  nos.  2-6,  1898. 

DR  AUGUST  BOHM  EDLEN   VON   BOHMERSHEIM.  VIENNA 

1628.  Recht  und  Wahrheit  in  der  Nouienclatur  der  oberen  Alpinen  Trias. 

DR  HENRY  HICKS,  LONDON 

1629.  Anniversary  Address  to  the  Geological  Society  of  London,  February > 

1898. 

PROFESSOR  A.  LACROIX.  PARIS 

1630.  Les  Enclaves  des  Roches  Volcaniques. 

1631.  Les  Contacts  de  la  Haute-Ariege. 

1632.  Notes  Min^ralogiques. 

1633.  Twenty- five  short  pamphlets. 

DR  MAIiSDEN   M ANSON 

1634.  The  Laws  of  Climatic  Evolution. 

PROFESSOR  ROMOLO  MELI,  ROME 

1635.  Appunti  di  Storia  Naturale  sul  Viterbese. 

1636.  Relazioni  Sommarie  delle  Escursioni  Geologiche.  etc. 

1637.  Sopra  Alcuni  Denti  Fossili  di  Mammiferi,  etc. 

LUELLA  AGNES  OWEN 

1647.  Cave  Regions  of  the  Ozarks  and  Black  Hills. 
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PROFESSOR  ALBRECHT  PENCK.  VIENNA 

1640.  Oberlercher's  Glocknerrelief. 

1641.  Das  grosse  australiBche  WallrifT. 

1642.  Die  geographische  Lage  von  Wien. 

1643.  Ueber  die  einheitliche  Pflege  der  Hydrographie  der  Verbandslander. 

1645.  Gtetscherstudien  in  Sonnblickgebiete. 

1644.  Die  Geomorphologie  als  Genetische  Wissenechaft. 

1646.  Geomorpbologische  Probleme  aus  Nordwest-Schottland. 

X.  STANIER.  LOUVAIN 

1650.  La  Fin  du  Monde. 

P.  H.  VAN  D1E8T 

1648.  A  Mineralogical  Mistake. 


INDEX  TO  VOLUME  10 


Page 
AcoRtwioNit  to  library,  M&rch,  1098,  to  March, 

law „  516 

Adam«,  F.  D.,  cited  on  Saint  Jerome  anortho- 

jiitea 189 

AoiBoxDACKS,  Syenite  areas  in 186 

— ,  Sequence  of  eruptions  in 190 

ArsicA,  Preglacial  epeirogenic  movements 

in 8 

ALooifKiAV  period,  Definition  of. 201 

—  rocks.  Fossils  from 227 

,  Grand  Canyon  series  of  the 216 

',  Lalce  Superior  region  in  the 221 

— ,  Lneonformity  between  Cambrian  and...  210 
Amkbican    .Association  tor   the    Advamcb- 

MKivT  OF  SciKMCK.  Organisation  of. 86 

.AxKRirAN  Gkolooical  SociKTY,  Organization 

of. 84 

American  Journal  of  Mineraloot.  Publica- 
tion of- 83 

Ami,  H.  M.,  cited  on  formations  in  the  Cham- 

^lain  valley 453 
iscussion  of  Ordovician  faunas  in  Lake 

Champlain  valley  by 461 

— ,  Reference  to  discussion  by 461,  401 

Analyses:   Bituminous    material    from 

Brooks  well,  West  Virginia. 283 

— :  Effbsives  from  the  Lower  Keweenawan.l6, 17 

— :  Grahamite 283 

— :  Granites  from  Rhode  Island  and  Con- 
necticut  376 

— :  Syenite  rocks 183 

Anortmobites,  Relations  between  syenites 

and 188 
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